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MILITAEY  CURRICULUM  MATERIALS 

The  military-developed  curric\alum  materials  in  this  course 
package  v^ere  selected  by  the  National  Center  for  Research  in 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies.    The  purpose  of 
disseminating  tliese  ooxirses  was  to  make  curriculum  materials 
cteveloped  by  the  military  more  accessible  to  vocational 
educators  in  the  civilian  setting. 

The  course  materials  VAsre  aoqioired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination.    Materials  v*iich  were  specific  to  the  nilitary 
were  deleted,  copyrighted  materials  were  either  emitted  or  appro- 
val for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resoiorce  materials  which  can  be  adapted  to  support 
vocational  instruction  and  curriculum  development. 
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•  Generating  knowledge  through  research 

•  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 
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products 
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•  Conducting  leadership  development  and 
training  programs 
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848  4815  within  the  continental  U.S. 
(except  Ohio) 
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an  activity  to  increase  the  accessibility  of 
military-developed  curriculum  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Arniy,  Marine  Corps  and  Navy. 

Access  to  military  curriculuivt  materials  is 
provided  through  a  "Joint  Memorandum  of 
Understanding"  between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech- 
nical education  are  selected  for  dissemination. 

The  National  Center  for  Research  in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
Jjcquire  the  materials  and  conduct  the  project 
activities. 

Project  Staff: 

Wesley  E.  Budke,  Ph.D.,  Director 
National  Center  Clearinghouse 

Shirley  A.  Chase,  Ph.D. 
Project  Director 


One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. 

Course  materials  include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  apd  technical 
manuals. 

The  120  courses  represent  the  following 
sixteen  vocational  subject  areas: 
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.Clerical 
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The  number  of  courses  and  the  subject  areas 
represented  will  expand  as  additional  mate-  • 
rials  with  application  to  vocational  and 
technical  education  are  identified  and  selected 
for  dissemination. 
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you  to  an  instructional  materials  agency 
closer  to  you. 
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Course  0«8crtption 

This  course  is  designed  to  upgrade  the  Apprentice  (senni-slcitled)  worlcer  to  the  Specialist  (sicilled)  and/or  the  Technician  (advanced)  level,  it  contains 
basic  review  information  as  well  as  supervisory  training.  A  television  equipnnent  repair  person  (specialist)  is  expected  to  install,  nnaintain,  repair,  monitor, 
and  analyze  the  performance  of  television  systems  and  equipment  producing  radiated  or  cable  transmitted  signals.  Operation  and  maintenance  of 
associated  test  equipment  is  also  required. 

The  technician  level  person  is  expected  to  install,  troubleshoot,  repair,  inspect,  overhaul,  and  modify  television  systems  producing  radiated  or  cable  trans- 
mitted  signals;  maintain  associated  peculiar  test  equipment;  monitor,  govern,  and  analyze  the  performance  of  television  systems;  and  direct  performance 
checks  and  measurement  of  operational  and  spare  television  equipment  using  precision  test  and  measuring  instruments  to  insure  contir^ious  acceptable 
systems  and  equipment  during  operating  periods,  He/she  must  also  coordinate  activities  with  production  agencies  to  insure  avaiiability  of  an  operating 
system  to  support  production  requirements;  and  supervise  television  maintenance  activities. 

The  following  outlines  the  scope  of  each  volume: 

Volume  1A   —       Supervision,  Training,  and  Maintenance  Techniques  covers  not  only  supervision  and  training,  but  also  safety,  maintenance 
principles,  oscilloscopes  and  test  accessories,  power  and  frequency  test  equipment,  and  electrcn  tube  and  semiconductor 
testing. 

Volume  1      —       Equipment  Maintenance  discusses  power  supplies,  sync  generators,  the  camera  chain,  monitoring  facilities,  audio  systems, 
and  color  television.  The  first  chapter  on  requirements  and  applications  was  deleted  because  of  its  reference  to  military 
specific  organization  and  forms. 

Volume  2      —       Auxiliary  Equipments  discusses  the  maintenance  requirements  and  operation  of  additional  equipment  required  to  support 

various  functions  of  television  systems  including  studio  lighting  svst&ms,  intercom  facilities,  special  effects,  prompting  facilities, 
audio  and  video  recording  systems  as  well  as  specialized  equipment  required  for  maintaining  television  equipment.  A  discussion 
of  relay  equipment,  television  VHF  and  UHF  transmitters,  receivers,  antennas,  and  associated  circuitry  is  presentee:  in  this 
volume. 

Volume  3      —       Systems  Maintenance  covers  troubleshooting,  repair,  and  diagnosing  systenri  troubles.  The  chapters  on  operational  responsibilities 
and  installation  and  modification  were  deleted  because  of  references  to  military  specific  organization,  procedures,  and  forms. 

Each  of  the  chapters  has  objectives,  coded  text,  exercises,  and  answers  keyed  to  the  text  for  self-evaluatidn.  A  volume  review  exercise  is  provided,  but  no 
answers  are  available.  This  material  presents  basic  review  material  as  well  as  supervisory  concerns  in  the  television  equipment  repair  trade  for  student  self* 
study.  The  course  would  be  best  used  in  conjunction  with  a  laboratory  or  on-the-job  learning  situation. 
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Preface 


IN  THIS  COURSE  we  discuss  and  analyze  principles  and  maintenance  of  the 
instrument  landing  system  (ILS),  terminal  very-high-frequency  omnirange 
(TVOR).  and  tactical  air  navigation  system  (TACAN) — the  aids  to  navigation 
classed  as  flight  facilities  equipment.  The  purpose  of  this  and  succeeding 
volumes  is  to  assist  you  through  self-study  in  obtaining  knowledge  necessary  to 
perform  maintenance  tasks  assigned  to  you.  Emphasis  is  placed  on  principles  of 
night  facilities  equipment  rather  than  particular  models  of  equipment.  Oc- 
cassionally.  specific  equipment  is  discussed  because  we  consider  it  to  be 
representative  of  the  type,  or  because  it  includes  features  also  found  in  other 
equipment.  An  understanding  of  these  principles  is  essential  to  all  phases  of 
NAVAIDS  maintenance. 

This  volume  deals  with  supervision,  training,  maintenance  techniques,  safety, 
and  test  equipment.  Chapter  I  covers  the  supervision  expected  of  a  trained 
NAVAIDS  repairman  and  your  responsibilities  toward  the  Air  Force  con- 
tinuous training  program.  The  second  chapter  is  on  safety,  with  emphasis  on 
sure  maintenance  practices  and  emergency  action.  References  to  this  subject 
will  reccur  throughout  this  course. 

Succeeding  chapters  describe  maintenance  principles,  both  preventive  and 
corrective,  and  include  management,  technical  orders,  test  equipment,  and 
specific  procedures  for  printed  circuits.  The  information  in  these  chapters 
should  enable  you  to  employ  test  equipment  confidently,  dioose  substitutes 
when  necessary,  and  evaluate  measurements  correctly. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this 
text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen 
(TTOC,.  Keesler  AFB.  MS  39534. 

If  ycu  have  questions  on  course  enrollment  or  administration,  or  on  any  of 
ECTs  nstructional  aids  (Your  Key  to  Career  Development.  Study  Reference 
Guides.  Chapter  Review  Exercises.  Volume  Review  Exercis,  and  Course 
Examination),  consult  your  education  officer,  training  officer,  or  NCO,  as  ap- 
propriate. If  he  can't  answer  your  questions,  send  them  to  ECI,  Gunter  AFB. 
Alabama  361  18.  preferably  on  ECI  Form  17.  Student  Request  for  Assistance. 

This  volume  is  rated  at  36  hours  (12  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
January  1972. 
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CHAPTER  1 


Supervision  and  Training 


THE  QUALITY  of  communicaiions- 
electronic*s  systems  depends  on  all 
maintenance  personnel  performing  their 
assigned  tasks  at  the  right  time,  in  the  right 
place,  with  proper  equipment,  and  in  a 
professional  manner.  To  accomplish  this,  we 
must  employ  the  basic  element  of  all 
organizations — supervision  .What  is  a 
supervisor?  How  do  we  become  supervisors? 
Why  are  some  supervisors  more  successful  than 
others?  These  questions  are  simple  to  answer  if 
we  memorize  short  statements,  but  statements 
do  not  make  a  successful  supervisor. 

2.  You  are  probably  asking  yourself,  **Why 
do  I  have  to  worry  about  supervision?**  This 
may  be  true^  today,  but  as  you  gain  experience 
and  knowledge,  you  may  be  placed  in  a 
position  requiring  managerial  knowledge,  such 
as  a  shift  supervisor  or  trainer.  To  be  a 
successful  supervisor  in  this  C-E  career  field, 
you  must: 

•  Use  proper  management  techniques. 

•  Train  others. 

•  Understand  maintenance  management 
practices. 

•  Maintain  the  equipment  assigned  to  your 
shop  in  peak  operating  condition  by  using 
proper  maintenance  techniques  and 
applicable  technical  publications. 

3.  In  this  chapter  we  will  examine  only  the 
first  two  items  listed  above.  .As  we  discuss  these 
items  individually  in  this  and  succeeding 
chapters,  keep  in  mind  that,  in  actual  practice, 
you  may  be  involved  with  some  or  all  of  these 
items  simultaneously. 

I.  Supervision 

The  odds  are  highly  in  favor  of  your 
being  a  supervisor  sometime  during  your  first 
hitch.  The  Air  Force  works  on  the  principle 
that  each  member  of  an  organization  must  be 
able  to  lead  as  well  as  to  follow. 

i'2.  Just  v^hat  is  a  supervisor?  A  supervisor 
IS  a  person  who  directs  the  efforts  of  one  or 
more  people  in  getting  a  job  done.  He  is  a 
leader  and  a  manager  as  well.  Not  only  does  he 
lay  out  the  details  of  a  job.  assign  and  advise 
workers,  but  in  many  cases  he  has  to  assemble 
equipment  and  materials.  Further,  he  must  rate 
his  workers  and  account  for  their  time  and  the 


materials  they  use.  The  quality  of  his 
supervision  is  measured  by  the  degree  of 
success  he  achieves.  There  are  four  areas  we 
would  like  to  explore  briefly  on  this 
subject — responsibilities,  employee  relations, 
production,  and  performance  reports. 

1  -3.  Responsibilities.  Responsibility  is 
directly  proportional  to  the  importance  of  the 
assigned  position.  The  desire  to  assume 
responsibility  does  not  qualify  a  man  for  a 
supervisory  job;  he  must  be  able  to  accept  the 
responsibility  without  reservation. 
•  1-4.  As  a  supervisor,  your  responsibilities 
will  never  cease.  You  will  have  a  responsibility 
to  your  mission,  to  higher  headquarters,  to  your 
unit  and  other  units,  and  to  personnel  under 
your  supervision.  Often,  it  will  seem  that  your 
responsibilities  conflict  with  each  other.  Under 
these  conditions  you  must  choose  one  course  of 
action  and  proceed.  You  should  have  the 
authority  to  assume  your  responsibilities,  and 
you  must  always  remember  never  to  assign 
responsibilities  without  also  delegating 
sufficient  authority  to  assure  that  the  course 
you  have  chosen  can  be  followed. 

I -3.  You.  must  have  the  courage  to  **stick 
your  neck  out"  when  the  occasion  arises,  to  act 
contrary  to  all  advice  when  your  judgment 
demands  it,  and  to  be  willing  to  take  full  blame 
when  things  go  wrong.  As  a  supervisor, 
regardless  of  how  you  personaliy  may  feel,  you 
must  be  decisive  and  act  promptly. 

1-6.  Responsibility  to  the  mission. 
Responsibility  to  the  mission  is  your  primary 
objective.  Your  responsibilities  to  your  unit 
and  your  personnel  are  secondary.  There  will 
be  times  when  you  will  have  to  disregard  the 
needs  and  feelings  of  your  subordinates  in 
order  to  accomplish  the  mission.  At  such  times, 
the  esteem  your  men  hold  for  you  will  suffer 
unless  they  have  been  thoroughly  indoctrinated 
with  responsibilities  to  the  mission.  You  should 
impress  this  fact  upon  them  through  talks, 
discussions,  training,  and  personal  example.  In 
spite  of  such  orientations,  not  all  of  your 
personnel  will  support  you  in  this.  There  are 
always  some  who  place  personal  desires  before 
duty;  however,  they  will  eventually  fall  in  line 
and  follow  the  majority. 


I      ResDonsibiliiy  to  your  aupt  nors.  1  his  i? 
another  objective  you  nust  realizt.  VVhe:>  y;.u 
fail  to  support  your  superiors,  you  jeopardize 
vour  own  efforts.  When  you  crmc.ze  your 
suoervisors  and  their  methods,  you.  in  turn, 
n^ite  criticism  by  your  ''"^^^f  J.^^^^ 
simply  following  your  example.  To  avoio  this, 
carry  out  the  directives  of  your  superiors  as  it 
thev  were  vour  own.  Should  ycu  disagree  wuh 
the' directives,  take  up  your  disagreement  with 
your  superior  and  not  with  your  subordinates. 
If  the  directive  still  stands  after  you  have 
presented  your  disagreemem.  carry  it  out  to  the 
best  of  your  ability  without  excuse,  alibi,  or  any 
attempt  to  pass'  the  buck. 

1.8   M  times  you  may  be  directed  to  do 
something  contrary  to  directives  from  higher 
headquarters.   When   this   happens,   do  not 
hesitate  to  bring  it  to  the  attention  of  you 
superior.  If  you  are  still  directed  to  carry  ou 
his    original    instructions,    do   so  without 
reluctance.  In  such  a  situation  your  superior 
assumes  full  responsibility  for  his  ^^'on^You 
must  realize  that  he  is  nearer  to  the  top  and 
knows  more  than  you  do  about  the  overal 
mission.  Responsibility  to  the  mission  is  your 
prime  interest,  regardless  of  how  unpleasant  the 
order  may  seem.  . 

1-9  Responsibility  to  yourself.  Although 
vou  know  that  your  commander  and  your 
workers  have  their  own  opinions  of  your 
ability,  you  must  constantly  analyze  yourself. 
The  following  checklist  can  serve  you  as  a 
guide. 

a.  Understand  my  organization. 

(1)  Know  ihe  functions  of  my  unit  and 
how  they  contribute  to  the  total 
.ntssion. 

(2)  Show  each  worker  how  his  job  tits  into 
ihe  overall  picture. 

(3)  Determine  lines  of  authority  and 
responsibility. 

(4)  Determine  number  and  type  ot 
workers  required  in  my  unit. 

(5)  Make  logical  duty  assignments  based 
on  clear  lines  of  responsibility  and 
authority. 

b.  Get  the  work  out. 

(1)  Give  directions  that  are  simple, 
understandable,  and  specific. 

(2)  Review  work  for  progress  in  meeting 
schedules. 

(3)  Coordinate  the  work  of  my  unit  and 
take  action  as  necessary. 

(4)  See  that  my  workers  do  what  is 
rightfully  expected  of  them. 

(5)  Emphasize  the  control  of  cost. 

(6)  Minimize  overtime  in  my  unit. 

(7)  Resolve  my  production  problems 
immediately. 


c  r*lan  and  schedule  work. 

(1)  Knew  the  work  capability  of  my  unit. 
(2^  Know  the  workload  of  my  unit. 

(3)  Plan  priorities  of  work  and  schedule 
accordingly. 

(4)  Plan  for  best  use  of  manpower,  space, 
and  equipment. 

(5)  Establish  realistic  goals  for  the  group. 

(6)  Have  my  group  participate  in  setting 
lis  own  goals. 

(7)  Plan     to     meet     deadlines  and 
emergencies. 

(8)  Plan   and  schedule  overtime  when 
necessary. 

d  Improve  work  methods. 

(1)  Analyze  operations  of  my  unit  as  a 
whole.  - 

(2)  Evaluate      presem      methods  ot 
performing  jobs. 

(3)  Develop     and      apply  improved 
methods. 

(4)  Encourage    and    assist    workers  in 
submitting  their  ideas. 

e  Determine  performance  requirements. 

(1)  Determine  what  is  expected  of  each 
worker. 

(2)  Discuss  tentative  requirements  with 
each  worker  concerned. 

(3)  Make  final-  determination  of 
requirements  based  on  needs  ot 
management,  supervisory  experience, 
and  workers'  suggestions. 

(4)  Evaluate  objectively  each  workers 
performance  based  on  requirements. 

/  Develop  workers. 

(1)  Select  right  person  for  the  job. 

(2)  Help  worker  make  adjustments  on  new 

(3)  Determine  training  needs  of  workers 
and  provide  training. 

(4)  Measure  results  of  training  in  terms  ot 
production  cost  and  improved  skills, 
attitudes,  and  other  factors. 

(5>  Let  workers  know  how  they  are  doing. 

(6)  Discuss  career  opportunities  with 
workers. 

(7)  Develop  an  understudy. 

u   Maintain  a  cooperative  workforce. 

(1 )  See  that  workers  are  rewaroed  for  jobs 
well  done. 

(2)  Commend  entire  group  on 
performance  when  deserved. 

(3)  Transfer  and  reassign  workers  for  the 
best  use  of  their  abilities. 

(4)  Earn  worker's  confidence  and  loyalty. 

(5)  Encourage  workers  to  discuss  their 
problems  with  me. 

(6)  Adjust  differences  ,  fairly  and 
objectively. 

(7)  Keep  workers  informed. 


(8)  Develop  and  maintain  effective 
discipline  within  the  work  group. 

(9)  Initiate  corrective  and  punitive 
actions  as  needed. 

(10)  Insure  safety  and  welfare  of  workers. 
h.  Improve  myself. 

(1)  Recognize  my  "shortcomings." 

(2)  Improve  my  technical  knowledge  and 
skills. 

(3)  Improve  my  ability  to  get  along  with 
people. 

(4)  Develop  a  cooperative  relationship 
with  my  workers,  my  superiors,  and 
other  personnel. 

(5)  Develop  a  good  attitude  toward  my 
job  and  the  base. 

1*10.  Employee  Relalions.  Much  has  been 
written  in  psychology  books  about  how  you  can 
get  along  better  with  other  people. 
Considerable  emphasis  has  been  placed  in  base- 
level  management  training  programs  on  the 
why  and  how  of  working  with  people  in  a  team 
spirit  to  reach  a  common  goal. 

1-11.  Factors  in  good  relations.  In  place  of  a 
long  discussion  here  on  the  factors  concerning 
employee  reiations,  we  will  list  the  normal 
foundations  necessary  for  good  employee 
relations  and  then  present  an  outline  of  an 
effective  procedure  for  handling  human 
problems.  The  following  items  will  aid  you  with 
many  employee  relation  problems.  They  are  not 
all-inclusive,  but  are  enough  to  give  you  a  start 
in  the  right  direction.  As  you  observe 
supervisors  at  work  and  gain  experience,  you 
can  add  to  the  list. 

a.  Lei  each  worker  know  how  he  is  getting 
along. 

(1)  Figure  out  what  you  expect  of  him. 

(2)  Point  out  ways  he  can  improve  his 
work. 

(3)  Praise  in  public,  criticize  in  private. 

b.  Give  him  credit  where  credit  is  due. 
(I)  Look  for  extra  or  "beyond  the  call  of 

duty"  type  of  performance. 
,(2)  Tell  him  while  its  "hot." 

c.  Tell  people  in  advance  about  changes  that 
will  affect  them. 

(1)  Tell  them  why,  if  you  know. 

(2)  Sell  them  on  the  idea  of  accepting  the 
change. 

d.  Make  the  best  use  of  each  person's  ability. 

(1)  Look  for  that  extra  ability  that  may 
not  be  in  use. 

(2)  Never  stand  in  a  man's  way. 

1-12.  Handling  problems.  You  may  have 
trouble  at  times  handling  problems.  You  may 
be  confronted  with  difficult  situations  which 
appear  to  have  no  solution.  There  are, 
fortunately,  tried  and  true  procedures  which 
you  can  ^se  to  help  solve  these  problems.  A 


procedure  you  can  apply  in  a  difficult  situation 
is  as  follows: 

a.  Get  the  facts. 

(1)  Review  the  record. 

(2)  Find  out  what  rules  and  regulations 
apply. 

(3)  Talk  with  the  individual  concerned. 

(4)  Get  opinions  and  feelings. 

(5)  Be  sure  you  have  the  complete  story. 

b.  Weigh  and  decide. 

(1)  Fit  all  the  facts  together. 

(2)  Consider  their  bearing  on  each  other. 

(3)  Decide  what  possible  courses  of 
action  are  available. 

(4)  Check  practices  and  policies  of  your 
organization  at  your  level. 

(5)  Consider   the   solutions    and  their 
.  effects  on  the  individual  or  group,  and 

on  work. 

(6)  Don't  jump  to  conclusions. 

c.  Take  action. 

(1)  Will  you  handle  this  yourself? 

(2)  Will  you  require  help? 

(3)  Should  you  refer  this  problem  to  your 
supervisor? 

(4)  Make  your  decision  and  time  your 
actions  to  fit  your  decision. 

(5)  Don't  pass  the  buck. 

d.  Check  results. 

(1)  How  soon  will  you  follow  up? 

(2)  How  often  will  you  need  to  check? 

(3)  Observe  changes  in  output, 
relationships,  and  attitudes. 

(4)  Has-  your  action  increased  or 
decreased  the  work  output  of  the 
individual  or  group? 

1-1  3.  Production.  Whether  your  unit  is  on  a 
large  base  or  at  a  remote  site  and  whether  your 
unit  is  responsible  for  organizational-,  field-,  or 
depot-level  maintenance,  the  end  results  are 
what  count.  There  are  four  natural  divisions 
falling  under  production;  (I)  assignment  of 
work,  (2)  review  of  work  quality,  (3) 
production  controls,  and  (4)  performance 
standards.  First,  let's  look  at  assignment  l)f 
work. 

1-14.  Assignment  of  work.  Giving  orders  or 
making  job  assignments  is  an  important  and 
difficult  part  of  a  trainer's  duties.  Individuals 
receiving  instructions  are  all  different  in  their 
personality  makeup.  Some  people  just  naturally 
resent  being  "told"  what  to  do.  Still  others  may 
not  resent  orders  but.  because  of  their  own  lack 
of  initiative,  tend  to  blame  their  supervisor  for 
their  own  mistakes  because  of  his  inability  to 
properly  assign  work.  On  the  other  hand,  there 
are  people  who  seem  lo  have  a  "knack"  for 
receiving  instructions  and  carrying  them  out 
successfully. 
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I -1 5.  Regardless  of  the  kinds  of  people  in 
your  work  group,  you  shouid  remember  that  the 
manner  in  which  work  is  assigned  may  be  the 
key  to  the  successful  completion  oi  any  job. 
The  following  10  rules  are  good  ones  to  follow 
when  making  assignments 

(1)  Be  well  informed  about  the  work  you 
assign. 

(2)  Give  each  man  a  job  you  know  he  can  do. 

(3)  Give  clear,  brief  instructions — speak 
clearly. 

(4)  Do  not  take  head-nodding  as 
understanding.  Invite  questions  from  the 
trainees. 

(5)  Repeat  your  instructions  if  they  are  not 
understood.  This  may  save  much  time 
and  unnecessary  work  in  the  long  run. 

(6)  Give  orders  through  proper  channeb. 

(7)  Demonstrate  steps  or  job  tasks  wherever 
necessary. 

(8)  Put  complex  instructions  in  writing, 
choosing  each  word  with  care. 

(9)  Do  not  give  too  many  orders  at  one  time. 

(10)  Know     your     men — their  abilities, 
qualifications,  and  limitations. 

1  -1 6.  In  connection  with  item  ( 1 0),  you  must 
learn  what  each  man  can  do  best.  Perhaps  one 
is  especially  good  at  inspection.  Another  may 
have  the  knack  of  untying  knotty  maintenance 
problems.  It's  only  good  common  sense  to 
place  a  man  where  he  can  do  his  best  work.  But. 
remember  this,  just  because  a  man  does  one  job 
exceptionally  well,  it  is  not  always  advisable  to 
keep  him  in  that  job  indefinitely.  He  should  be 
well  rounded  in  his  training,  and  be  able  to 
perform  all  of  the  required  duties  of  his  job 
description,  his  AFSC,  and  the  Specialty 
Training  Standard.  Your  job  is  easier  when 
every  man  can  perform  well  on  all  the  duties  in 
his  specialty. 

1-17.  Review  of  work  quality.  When  you 
inspect  a  completed  task,  give  it  a  thorough 
examination — not  just  a  quick  once-over.  There 
are  at  least  two  good  reasons  for  a  thorough 
check. 

1-18.  First,  the  equipment  that  has  been 
worked  on  must  operate  properly  for  the 
success  of  the  mission,  and  it  must  be  in  safe 
operating  condition.  Second,  inspection  of 
completed  work  may  be  turned  into  an 
excellent  learning  device  for  the  man  in 
training.  Your  method  or  technique  of 
reviewing  completed  work  determines  the 
inspection's  usefulness  as  a  teaching  device. 
Where  is  a  better  place  for  the  trainee  to  learn 
than  on  the  equipment? 
^1-19.  Properly  reviewing  job  assignments 
requires  a  considerable  amount  of  skill  and 
tact,  as  well  as  a  thorough  understanding  of  the 
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mechanics  of  the  job.  As  you  talk  to  the  worker, 
stress  both  the  strong  and  weak  points  of  his 
work.  Praise  work  that  has  been  performed 
skillfully  but  do  not  tolerate  sloppy  work. 
Avoid  criticism,  sarcasm,  or  personal 
references  since  these  comments  may  cut  deeper 
than  you  realize  and  leave  the  worker  with  a 
strong  feeling  of  dislike  for  you.  In  brief,  don't 
just  use  words.  Demonstrate  correct  procedures 
and  give  the  man  the  opportunity  to  correct  his 
faults. 

1-20.  There  is  one  other  thing  you  should 
do.  Don't  check  completed  work  only,  but  also 
check  job  progression.  In  short,  don't  wait  until 
the  job  is  finished,  because  a  job  sometimes  has 
to  be  redone  if  an  error  enters  the  picture 
before  the  job  is  completed.  Failure  to  check 
job  progression  may  cause  loss  of  time  and 
work  output  and,  in  the  end,  may  lead  to  harsh 
feelings  and  loss  of  ambition  on  the  part  of  the 
man  who  finds  his  efforts  wasted  because  he 
was  forced  to  do  the  same  job  over. 

1-21.  Production  controls.  Production 
controls  include  mechanical  and  graphical 
standrrds,  time  budgeting,  and  work 
scheduling.  Mechanical  standards  are  largely 
determined  by  your  Specialty  Training 
Standard  and  the  type  of  test  equipment  and 
tools  required  on  the  job.  Graphical  standards 
can  be  accomplished  at  the  shop  or  higher  level 
with  specially  designed  forms  and  graphs.  A 
chart  can  show  you  at  a  glance  what  man  is 
working  on  what  job,  how  the  job  is 
progressing,  what  aircraft  and  system  is 
involved,  and  so  on. 

1-22.  Performance  standards.  One  of  the 
biggest  problems  you  face  is  the  determination 
of  performance  standards.  In  some  cases,  these 
standards  are  prepared  and  handed  to  you  from 
higher  authority.  In  other  cases,  you  are  faced 
with  devising  standards  of  your  own  which  will 
fit  the  job  to  be  done. 

1-23.  You  are  usually  faced  with  measuring 
performance  from  two  standpoints — the 
individual  worker  and  groups  of  workers. 
Usually,  the  task  is  eased  somewhat  by  the  fact 
that  the  worker  in  the  group  is  doing  the  same 
type  of  work  as  his  fellow  workers.  However, 
evaluation  of  performance  must  be 
accomplished,  and  it  must  be  valid  from  the 
level  of  the  worker  as  well  as  the  supervisor. 

1.24.  Performance  standards  are  day-by-day 
qualities  which  you,  as  a  supervisor,  should 
observe.  You  should  make  mental  notes,  or 
perhaps  even  written  ones  which  may  be 
referred  to  in  the  future.  Be  mentally  alert  and 
keenly  observant  of  the  jobs  performed  by  those 
you  supervise. 
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1-25.  Noncommljisloned  Officer  and 
Airman  Performance  Reports.  Another  area 
that  you  will  find  of  major  importance,  as  a 
supervisor,  is  the  NCO  and  airman  performance 
report.  The  preparation  of  this  report  requires 
many  of  the  qualities  outlined  in  the  preceding 
paragraphs.  The  performance  report  requires 
careful  attention  as  it  is  the  primary  tool  in 
making  nominations  for  training,  special 
assignments,  and  other  special  actions.  In 
addition,  this  document  is  an  important  part  of 
the  Air  Force  promotion  system. 

1-  26.  The  importance  of  proper  evaluation 
of  all  personnel  cannot  be  overemphasized.  As 
a  supervisor,  you  have  the  continuing 
responsibility  for  the  preparation  of  accurate, 
honest,  and  objective  performance  reports. 
When  it  becomes  necessary  for  you  to  submit  a 
report,  it  is  imperative  that  you  be  thoroughly 
familiar  with  the  instructions  in  AFM  39-62, 
Noncommissioned  Officer  and  Airman 
performance  Reports.  This  manual  will  give 
you  the  correct  form  number  and  complete  and 
up-to-date  instructions  on  the  preparation  and 
submission  of  the  performance  report. 

2.  Training 

2-  1.  Because  of  constant  changes  in 
communications  and  electronics  equipment  in 
the  Air  Force,  training  is  a  continuous 
requirement.  When  you  enter  the  Air  Force, 
you  are  trained  on  equipment  that  is  currently 
being  used.  Later,  as  newer  models  are 
developed,  you  require  additional  training  to 
qualify  you  to  maintain  them  efficiently. 

2-2.  Besides  the  equipment,  there  are  many 
other  facets  of  your  job  you  must  learn  to 
advance  in  your  career  field.  How  fast  you 
advance  depends  largely  upon  how  hard  you 
work  and  how  well  you  take  ^dvantage  of  the 
many  opportunities  for  training  to  improve 
yourself  technically,  culturally,  and  militarily. 

2-3.  General  Plan  for  Air  Force  Training- 
Since  training  is  always  an  important  part  of 
your  Air  Force  career,  you  should  know  the 
training  systems  and  methods  employed.  In 
some  instances,  you  are  required  to  advise  and 
train  other  airmen  to  acquire  the  knowledges 
and  skills  you  already  possess.  But  before  you 
start  training  others,  let  us  look  at  the  systems 
through  which  you  may  be  trained. 

2-4.  Although  there  are  definite  training 
programs  preparing  airmen  for  the  many  jobs  in 
the  C-E  career  field,  each  person,  to  a 
considerable  extent,  must  look  after  his  own 
interests.  You  already  know  that  skill  levels 
and  promotions  arc  related;  so  how  do  you 
move  from  the  3  skill  level  to  the  9  skill  level? 
For  a  start,  look  at  figure  I. 

2-5.  This  figure  shows  the  route  that  your  are 
following  in  your  Air   Force   career.  You 


attended  a  technical  training  course  to  reach 
your  present  3-level  AFSC.  You  are  now 
entering  on-the-job  training  (OJT).  to  qualify 
you  for  the  5-level  AFSC.  This  will  be  followed 
by  another  period  of  OJT  to  qualify  you  for  the 
7-level  AFSG.  You  become  qualified  for  the  9^ 
level  AFSC  by  experience  in  the  unit  to  which 
you  are  assigned.  There  is  formal  school 
training  that  you  may  take  to  help  qualify  you 
for  the  9  level.  The  only  mandatory 
prerequisite  for  the  9  level  is  a  passing  grade  on 
the  USAF  Supervisory  Test. 

2-6.  Another  possibility  is. to  qualify  for  one 
specialty  at  the  5  level,  and  then  qualify  in  yet 
another  specialty  at  the  5  level  before 
advancing  to  the  7  level  in  either  one  of  the  two 
specialties.  Such  qualifications  are  through 
formal  school  and  on-the-job  training;  this  is 
known  as  lateral  training.  This  means  training 
from  one  ladder  to  another  in  the  30  Career 
Field  in  those  AFSCs  designated  by  Air  Force 
Headquarters. 

.  2-7.  Al  various  times  in  your  career,  you  may 
be  enrolled  in  a  formal  school  course.  You  will 
find  that  these  courses  are  identified  by  a 
combination  of  letters  and  numbers.  The 
principal  identification  is  the  AFSC  number.  In 
addition  to  this,  courses  usually  have  a  number 
plus  a  three-letter  prefix  and  a  title. 

2-8.  For  example,  take  Course  3ABR30430, 
Radio  Relay  Equipment  Repairman.  The  3  tells 
you  that  it  is  an  ATC  resident  technical  training 
type  course.  The  A  tells  you  that  it  is  an  airman 
course  (officer  courses  begin  with  the  letter  O); 
the  B  tells  you  that  it  is  a  basic  technical  course; 
and  the  R  tells  you  that  it  is  a  resident  (formal 
school)  course  conducted  by  the  Air  Training 
Command.  The  title  is  shown  by  the  words 
"Radio  Relay  Equipment  Repairman." 

2-9.  You  will  find  a  large  number  of  courses 
described  in  Air  Force  Manual  50-5,  Formal 
Schools  Catalog.  Each  has  a  title  and 
alphabetical-numerical  identification  similar  to 
the  one  just  described. 

2-10.  The  Dual-Channel  Concept  of  On- 
the-Job  Training.  Note  by  referring  again  to 
figure  I  that  there  are  three  general  ways  of 
increasing  your  usefulness  to  the  Air  Force  and 
advancing  your  career  at  the  same 
time— training  in  a  formal  technical  school,  on- 
the-job  training,  or  a  combination  of  these  two. 
OJT  is  divided  into  two  elements — career 
development  and  job  proficiency  development. 

2-11.  Career  development.  Career 
development  is  the  acquiring  of  general 
background  knowledge  required  for 
understanding  military  and  career  area 
functions.  In  this  element  you  study  the  general 
Air  Force  subjects,  principles  of  your 
equipment,   and   the   specific  information 
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necessary  to  perform  the  duties  of  your  AFS.  In 
brief,  the  first  step  you  take  to  qualify  for  a 
higher  skill  level  and  higher  rank  in  the  Air 
Force  is  to  study  the  applicable  Career 
Development  Course  (CDC),  of  which  this  is 
the  first  volume.  This  volume  contains  the 
general  knowledge  you  need  to  pursue  your 
career  in  whatever  job  you  may  be  assigned  in 
the  304  career  field. 

2-12.  Job  proficiency  development.  Job 
proficiency  development  is  primarily  the 
acquisition  of  skill  by  actually  performing  the 
duties  and  tasks  of  an  AFSC;  secondarily,  it  is 
the  application  of  the  knowledge  you  learned 
from  studying  the  CDC.  Your  supervisor 
during  your  on-the-job  training  uses  as  his 
guide  the  applicable  Job  Proficiency  Guide 
(JPG). 


2-13.  OJT  involves  practical  application. 
You  are  placed  in  an  operational  situation 
requiring  you  to  perform  certain  specific  tasks. 
As  you  acquire  skill  in  the  simpler  tasks  of  your 
specialty,  you  are  given  other  tasks  which  are 
more  and  more  difficult.  Thus,  you  constantly 
broaden  your  knowledge  and  skill  until  you 
master  all  the  elements  of  your  job.  In  the 
meantime,  the  Air  Force  benefits  from  your 
productiveness  while  you  are  learning. 

2-14.  Learning  in  an  OJT  situation  is  the 
result  of  the  close  association  of  the  trainee  and 
the  skilled  technician  who  serves  as  the  trainer. 
Note,  however,  that  this  coach-pupil  method 
does  not  preclude  short  periods  of  group 
instruction.  Group  instruction  is  sometimes  the 
most  practical  way  for  elaborating  on  matters 
presented  in  the  CDC— further  explanations  of 
such  things  as  essential  theory,  background 
material,  safety  precautions,  and  so  on— that  all 
trainees  must  know. 

2-15.  Look  again  at  figure  I,  and  note  that 
the  path  you  have  followed  to  qualify  for  the  3- 
level  AFSC  is  the  completion  of  a  formal  basic 
technical  course.  You  proceed  to  the  5  level  by 
on-the-job  training.  This  entails  satisfactory 
completion  of  the  applicable  CDC  and 
receiving  the  supervisor's  certification  ot 
proficiency  based  upon  the  standards  in  the 
JPG.  You  must  also  serve  a  minimum  of  6 
months  in  OJT  status. 

2-16.  TheVe  are  many  supplemental  special 
courses  that  offer  formal  school  instruction  in 
specialized  areas,  such  as  a  particular  model  or 
type  ofo-adio  equipment.  Since  these  courses  do 
not  award  the  5-level  AFSC,  you  still  must 


study  the  CDC,  serve  the  minimum  of  6  months 
in  your  duty  assignment  at  the  5  level,  and  be 
recommended  by  your  supervisor  for  award  of 
the  5-level  AFSC.  Some  of  the  special  and 
supplemental  courses  are  '*shredouts"  and  are 
identified  by  a  suffix. 

2-17.  As  already  noted,  to  advance  still 
further  in  your  career,  you  take  a  more 
advanced  CDC,  plus  a  minimum  of  12  months 
in  OJT,  to  qualify  you  for  the  7  level. 

2-18.  There  is  one  other  special  requirement 
for  advancing  to  the  7  level.  All  trainees  must 
take  either  ECl  Course  6,  Management  for  Air 
Force  Supervisors,  or  a  comparable  on-base 
course  usually  called  Management* I  (MGT-I). 
Either  management  course  provides  you  with 
the  vital  knowledge  managing  men  and 
materials  so  that  your  unit  can  make  its 
maximum  contribution  to  the  mission  of  the 
base.  Usually,  most  airmen  training  for  the  7 
level  take  the  MGT-l  course  on  the  base.  If  not 
practicable,  in  isolated  outposts  or  wherever 
,the  MGT-l  course  is  not  given,  then  ECl 
Course  6  is  acceptable. 

2-19.  After  completing  a  minimum  of  I 
year's  experience  in  the  7-level  AFSC, 
completing  the  corresponding  CDC,  and  being 
recommended  by  your  supervisor,  you  will  be 
awarded  the  7  level  (subject  to  the  approval  of 
the  Consolidated  Base  Personnel  Office, 
CBPO).  Qualification  to  the  9  level  is  based  on 
experience  and  supervisory  ratings.  Although 
there  are  a  few  9.1evel  formal  courses,  they  do 
not  qualify  you  for  the  9-level  AFSC;  final 
award  depends  on  recommendation  of  the 
supervisor  and  approval  of  the  commander. 

2-20.  OJT  Record  Documents.  You  have 
been  in  ^he  Air  Force  long  enough  to  know  that 
there  are  many  records  on  file  which  concern 
you.  This  recordkeeping  was  started  by  your 
recruiter  and  continues  throughout  your 
training  and  total  service,  Although  you  don't 
establish  records  nor  post  them,  you  do  have 
the  responsibility  of  checking  them  for 
accuracy  at  least  once  a  year.  So  far  as  training 
records  go,  the  most  important  to  you  is  AF 
Form  623,  Consolidated  Training  Record,  as  it 
is  your  only  complete  record  of  your  training. 

2-21.  AF  Form  623,  Consolidated  Training 
Record.  Much  of  the  success  or  failure  of  an 
OJT  program  is  determined  by  how  well  the 
individual  training  records  are  maintained. 
Completeness,  currency,  and  accuracy  ot 
entries  on  the  Consolidated  Training  Record 
are  often  determining  factors  in  deciding  award 
or  withdrawal  of  AFSCs,  entry  into  or 
withdrawal  from  OJT  status,  assignment  or 
withdrawal  of  proficiency  pay  status,  or 
selectivity   for   preferred   assignments.  The 
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Consolidaied  Training  Record  is  an  official  Air 
Force  document  and  requires  much 
consideration  and  care  in  its  mainienance  ab 
any  other  official  record.  The  knowledge, 
atiention,  and  skill  applied  to  the  proper 
maintenance  of  training  records  are  as 
important  as  the  actual  training  conducted 

2-22.  AF  Form  623  has  four  pages  which  are 
subdivided  into  1 1  parts  on  which  to  record  the 
airman's  progress  and  proficiency  in  OJT.  Each 
section  is  individually  identified  according  to 
its  designated  purpose.  This  permits  the 
recording  of  all  upgrade,  lateral,  and  retraining 
conducted  on  the  job,  in  career  development, 
and  in  formal  courses.  The  form  may  also  be 
used  to  record  training  which  occurs  after 
upgrading  has  taken  place.  A  copy  of  the 
documents  supporting  entries  to  AF  Form  623 
may  be  filed  with  the  form. 

2-23.  The  AF  Form  623  is  not  complete 
until  the  Air  Force  specialty  training  standard 
and/or  the  job  proficiency  guide  for  the 
appropriate  Air  Force  specialty  are  made  a  part 
of  the  training  records. 

2-24.  Since  the  AF  Form  623  must  be 
available  immediately  to  the  supervisor,  it  is 
ordinarily  maintained  in  your  immediate 
working  area;  however,  it  may  be  maintained  in 
the  squadron.  When  you  are  transferred,  the  AF 
Form  623  must  accompany  your  field 
personnel  records  to  the  new  organization.  It  is 
normally  expected  that  training  will  be 
continued  unless  you  are  specifically 
withdrawn  from  training  by  the  gaining 
organization.  If  the  gaining  organization 
discontinues  the  training,  then  the  authority  for 
discontinuance  (appropriate  personnel  action 
or  orders)  must  be  recorded  on  the  AF  Form 
623. 

2-25.  Specialty  Training  Standard  (STS). 
The  Specialty  Training  Standard  for  each  AFSC 
is  developed  from  AFM  39^1.  An  Air  Force 
specialty  description  states  the  tasks  which 
airmen  must  be  able  to  perform  and  the 
knowledge  they  must  have.  By  the  use  of  the 
self-contained  code  key,  the  standard  indicates: 

a.  The  extent  to  which  personnel  should  be 
trained  on  each  knowledge  and  task  in  order  to 
qualify  for  upgrading  to  a  specified  skill  level. 

b.  The  extent  to  which  airman  courses 
provide  training  on  each  of  the  listed  tasks  and 
knowledges. 

2-26.  Your  acquaintance  with  this  document 
is  necessary  since  your  initials  as  well  as  your 
trainer's  are  required  to  indicate  that  various 
phases  of  your  trainmg  are  completed. 

2-27.  In  addition,  it  might  be  of  interest  to 
you  to  know  that  the  Specialty  Training 
Standard  is  the  source  of  authority  establishing 
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the  content  of  the  technical  training  courses, 
one  of  which  some  of  you  may  have  completed 
at  Keesler  AFB.  MS. 

2-28.  Unit  Document  Listing  (UDL),  Bare 
mention  of  this  document  is  all  that  is  necessary 
at  present.  The  UDL  gives  a  picture  of  how 
many  airmen,  by  AFSC,  ^ade.  and  specific  job 
title,  are  available  and  how  many  jobs  there  are. 
For  the  AFSs  which  are  short  of  personnel, 
additional  men  are  trained;  for  ihorc 
overmanned,  none  can  be  trained. 

2-29.  Other  Types  of  Airman  Techtiictl 
Training.  In  addition  to  the  two  main  types. of 
training — OJT  and  resident  schools — there  are 
several  other  kinds.  These  are  brief.y  discussed 
below. 

2-30.  The  field  training  program  This 
training  is  conducted  by  Air  Training 
Command  field  and  mobile  training 
detachments  and  traveling  teams  from  ATC 
technical  training  centers.  These  units  operate 
at  the  bases  where  there  is  a  training  need  and 
^hey  comiuct  formal  classroom  instruction  for 
airmen.  The  scope  of  this  program  is 
worldwide. 

2-31.  A  field  training  detachment  is  a 
detachment  or  school,  controlled  by  Air 
Training  Command,  permanently  assigned  to 
an  Air  Force  base  or  other  activity.  The  mobile 
training  detachment,  also  controlled  by  ATC, 
travels  to  various  bases  as  needed.  It  is 
supported  by  a  mobile  training  unit  which 
carries  along  with  it  the  necessary  training  aids 
and  equipment.  A  traveling  team  consists  of 
one  or  more  qualified  instructors  sent  to 
support  a  one-time  training  requirement  at  the 
site  of  the  requesting  activity. 

2-32.  The  field  training  program 
encompasses  a  large  variety  of  training  activity. 
Generally,  it  offers  the  technical  instruction 
necessary  to  qualify  personnel  in  the 
knowledges,  skills,  and  techniques  required  to 
successfully  operate,  maintain,  and  control 
assigned  C-E  equipment*  aerospace  and  missile 
systems,  and  their  associated  direct  support 
equipment. 

2-33.  Although  training  programs  have 
numerous  and  various  names,  don't  let  that 
niake  you  forget  that  all  training  programs  have 
one  major  purpose — to  qualify  the  right  man 
lor  the  right  job  and  to  assure  the  highest  level 
of  proficiency  in  operational  and  maintenance 
personnel.  So.  in  order  to  qualify  per.sonnel 
with  these  capabilities,  the  Air  Force  must  use 
as  many  types  ot  training  programs  as 
practicable. 

2-34.  Airman  on-the-job  retraining.  As 
provided  by  AFM  39-4,  retraining  is 
designed  to  qualify  an  airman  in  an  Air  Force 
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specially  not  in  the  progression  ladder  of  a 
currently  awarded  AFSC.  The  principal 
objectives  of  on-the-job  retraining  are: 

a.  To  reduce  the  number  of  surplus  airmen 
in  grade  and  skill  by  retraining  them  into 
required  grades  and  skills. 

b.  To  prevent  indiscriminate  retraining  of 
airmen  from  required  grades  and  skills. 

2-35.  In  other  words,  the  Air  Force 
endeavors  to  maintain  a  supply  of  airmen  in  the 
grades  and  skills  that  are  needed  by  initial 
training  or  by  retraining  them  from  grades  and 
skills  that  become  surplus. 

2-36.  If  you  should  be  retrained,  you  would 
move  from  the  career  field  in  which  you 
presently  hold  an  AFSC  into  another  career 
field,  or  you  might  train  to  qualify  for  a 
different  suffix  to  your  AFSC. 


2-37.  Special  training.  Special  training  is 
formal  training  that  qualifies  you  in 
maintaining  new  or  special  equipment. 
Normally,  all  special  training  courses  are  short 
and  are  designed  to  meet  emergency 
requirements.  No  AFSC  is  awarded  upon 
completionvof  a  special  training  course  unless 
specifically  approved  by  Headquarters  USAF. 

2-38.  For  futher  information  concerning  the 
administration  of  on-the-job  retraining  and  on- 
the-job  training  under  the  dual-channel 
concept,  you  can  refer  to  the  Air  Force  manuals 
which  prescribe  the  administration  of  these 
programs.  These  manuals  are  AFM  50-23., . 
On-the^Job  Training  and  AFM  39-4,  Airman 
Retraining/Lateral  Training  Programs, 

2-39.  At  this  time,  work  the  chapter  review 
exercise  for  Chapter  I  in  your  workbook. 
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CHAPTER  2 


Safety 


TWO  PRINCIPAL  factors  to  consider  when 
you  learn  how  lo  maintain  any  piece  of  Air 
Force  equipment  are:  how  to  maintain  the 
equipment  properly,  and  how  to  maintain  it 
safely. 

2.  Though  you  may  think  of  these  two  factors 
as  being  one  in  the  same,  there  is  a  difference 
for  the  purpose  of  our  discussion  in  this 
chapter.  Of  course,  if  you  don't  maintain 
equipment  properly,  you  may,  at  the  same  time, 
be  maintaining  it  unsafely,  for  improper 
maintenance  is  often  the  cause  of  accidents. 
Furthermore,  you  may  maintain  a  power  saw 
properly  and,  at  the  same  time,  get  careless  and 
find  your  hand  or  fingers  in  the  path  of  the 
whirling  blade.  So,  let  us  think  of  maintaining 
equipmen^in  the  two  way's  stated — properly 
(getting  the  job  done  quickly  and  accurately) 
and  safely  (preventing  any  injury  to  yourself  or 
others). 

3.  In  this  chapter  you  will  learn  about  good 
housekeeping,  accident  causes,  fire  prevention, 
first  aid.  radioactivity,  off-duty  safety,  and 
accident  reporting. 

4.  You  mig%^ask  yourself.  "Why  is  safety  so 
important?"  Offhand,  you  might  say.  "Because 
is*  saves  lives,  prevents  injuries,  and  protects 
property."  Well,  that's  true  enough,  but  there 
arc  some  other  important  reasons.  You  want  to 
earn  promotions  and  progress  in  your  career, 
don't  you?  Of  course.  Vou'll  find  that  your 
supervisors  will  note  not  onl>  how  efficient  you 
are  on  the  job  but  also  hou  safely  you  work. 
They  aren't  interested  in  prpductivity  at  the 
cost  of  preventable  accidents.  If  you're  a  safe 
worker  as  well  as  an  efficient  one.  you  will 
stand  a  better  chance  of  earning  that  promotion 
and  also  win  the  approval  of  your  fellow 
airmen.    If   you    know    the   principles  and 
practices  of  safe  operation  of  shop  equipment, 
you'll  be  able  to  give  a  timely  warning  to  a 
fellow  airman — a  warning  that  might  even  save 
his  life! 

3.  On.Duly  Safety 

3-1.  The  safety-conscious  airman  knows  that 
accidents   are    preventable   and   that  good 


housekeeping  and  good  fire  prevention  practice 
will  eliminate  most  of  them,  The  sate  and 
successful  completion  of  a  job  demands 
neatness  and  cleanliness  in  the  work  area. 

3-2.  Good  Housekeeping.  The  first  rule  of 
good  housekeeping  is  personal  cleanliness.  If 
you  are  an  orderly  person  and  present  a  good 
appearance,  it  will  probably  be  reflected  in 
your  work.  A  person  who  keeps  himself  clean 
has  developed  a  habit  which  is  carried  over  into 
all  his  actions,  You  have  made  a  great  stride  in 
the  right  direction  if  you  have  learned  to  keep 
yourself  and  your  clothing  neat  and  clean 

3-3,  Next,  there  is  your  work  area  Man\ 
accidents  can  be  prevented,  and  much  loss  of 
lime  and  pain  may  be  avoided  if  you  keep  your 
work  area  clean  and  orderly.  For  example,  oil 
spilled  on  the  floor  can  cause  you  or  another  to 
slip  and  be  injured  seriously.  If  oil  or  !uel  is 
spilled,  cover  it  with  an  approved  compound; 
Dr  better  still,  clean  it  up  immediately,  Keep  the 
floor  or  ramp  free  ol  obstructions,  ^'ou  can  trip 
over  an  extension  cord  or  a  dropped  tool  and 
injure  yourself. 

3-4.  Some  units  that  you  will  disassemble 
have  small  parts  which  can  be  easily  lost, 
broken,  or  mixed  with  other  parts.  To  avoid  the 
loss  of  time  while  you  hunt  or  acquire  another 
part,  keep  your  bench  top  in  a  neat  and  orderly 
condition.  A  cluttered  bench  makes  effective 
work  almost  impossible  and  is  the  starting  place 
for  an  accident.  Worn  out  or  reparable  parts 
should  be  disposed  of  promptly  in  the  correct 
places — not  on  the  floor. 

3-5,  Other  items  that  always  find  their  way 
into  your  work  area  are  soft  drink  bottle^.  The> 
should  be  kept  in  the  break  area  and  m  the 
proper  container.  A  broken  bottle  is  a  very 
dangerous  object.  Cand\  and  gum  wrappers 
belong  around  candy  and  gum — or  in  a  waste 
basket.  Never  drop  gum  un  the  fU)t)r.  It  soils 
the  floor  when  vou  .step  into  it.  and  can  cause  a 
fall, 

3-6.  Every  shop  has  a  designated  pl.ice  lor 
toolboxes  when  they  are  not  in  use.  Keep  them 
in  place  and  keep  the  lids  closed.  It  doe.>  not 
require  much  time  or  effort  to  open  the  box 
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when  you  reed  a  tool,  and  you  may  prevent 
someone  from  cutting  or  bruising  his  shin. 
Most  shops  have  a  tool  board  to  keep  special 
tools  available  to  all  who  may  need  them.  Keep 
unused  tools  in  their  proper  place. 

3-7.  If  your  shop  maintains  a  stockroom, 
keep  cases  and  other  goods  stacked  neatly  in 
the  prescribed  location  and  to  the  designated 
height.  This  prevents  damage  to  the  stored 
items  and  also  makes  them  easily  available 
when  they  are  needed. 

3*8.  Good  ventilation  is  conductive  to  good 
work.  Ventilation  is  actually  necessary  for  the 
good  health  and  safety  of  personnel.  Your  work 
output  drops  off  considerably  if  you  are 
uncomfortably  hot  or  cold,  or  if  there  is  a  lack 
of  fresh  air.  If  the  air  is  dusty  in  your  shop,  or  if 
fumes  are  present,  consult  your  supervisor  or 
trainer  so  that  he  can  be  made  aware  of  the 
co(  ditions  under  which  you  are  working  and 
can  take  the  necessary  corrective  action. 

3*9.  Proper  lighting  is  another  requisite  for 
doing  good  work.  Definite  standards  have  been 
set  up  by  the  Air  Force  to  provide  the  correct 
illumination  f  r  all  installations.  These  should 
be  followed,  since  good  lighting  works  hand  in 
hand  with  good  housekeeping  lo  eliminate 
many  accident  hazards. 

3-10.  Accidcnl  Causes,  Effects,  and 
Controls,  h  is  true — accidents  are  preventable. 
The  law  of  cause  and  effect  is  the  basic 
ingredient  in  all  accidents.  Accidents  do  not 
happen  without  a  reason,  and  the  identification, 
isolation,  and  control  of  causes  are  the  basic 
procedures  of  all  accident  prevention 
techniques.  Even  natural  elements  can  be 
controlled  to  some  extent,  and  it  is  only  in  the 
realm  of  such  phenomena  as  lightning,  storms, 
or  iloods  that  accidents  are  extremely  difficult 
to  prevent.  However,  even  the  effects  of  these 
can  be  minimized,  as  in  the  case  of  securing 
aircraft  when  strong  winds  are  expected. 

3-11.  indirect  causes.  Theoretically, 
preventable  accidents  may  be  traced  to  causes 
originaiing  in  the  heredity  and  environment 
of  individuals.  These  beginnings  may  further 
manifest  themselves  in  unsafe  personal 
characteristics  which  allow  an  individual  to 
perform  an  unsafe  act  or  overlook  or  tolerate 
an  unsafe  condition  which  may  result  in  an 
accident.  The  injuries,  property  damage,  and 
loss  of  combat  capability  which  follow 
complete  the  costly  sequence.  The  detection 
and  elimination  of  unsafe  personal 
characteristics,  such  as  inattentiveness, 
excitability,  impatience,  and  stubborness,  are 
normally  extremely  difficult.  On  the  other 
hand,   tHe  elimination  of  unsafe  acts  and 


conditions  is  a  relatively  simple  and  effective 
means  of  accident  prevention. 

3-12.  Direct,  causes.  As  the  last  and  most 
obvious  element  of  the  cause  sequence 
preceding  an  accident,  unsafe  acts  and 
conditions  may  be  considered  the  immediate  or 
direct  cause  of  any  accident.  When  this  direct 
cause  is  removed,  the  sequence  is  interrupted 
and  the  accident  cannot  happen.  Usually, 
unsafe  acts  and  conditions  can  be  anticipated, 
readily  identified,  and  eliminated  almost 
immediately  upon  discovery.  Because  of  this, 
practical  accident  prevention  measures  are 
designed  to  prevent  or  eliminate  direct  causes, 
and  suitable  controls  have  been  developed  for 
this  purpose. 

3-13.  Approximately  one-fifth  of  all  USAF 
ground  accidents  result  from  Government 
motor  vehicle  operations.  However,  less  than  S 
percent  of  all  injuries  to  military  and  civilian 
personnel  are  attributed  to  this  source,  since 
not  all  motor  vehicle  accidents  result  in 
personal  injury.  Of  the  total  number  of  these 
accidents,  some  three-quarters  are  caused  by 
unobserved  backing,  excessive  speeds  for  road 
conditions,  exceeding  speed  limits,  following 
too  closely,  and  failure  to  yield  right  of  way. 
All  of  these  unsafe  acts  can  be  eliminated. 

3-14.  Approximately  two-thirds  of  the  total 
Air  Force  accident  experience  remaining  is 
sustained  in  activities  such  as  aircraft  and 
motor  vehicle  maintenance,  sports  and 
recreation,  and  domestic  activities. 

3-1  S.  Direct  costs.  Each  year  accidents  cause 
hundreds  of  deaths  and  thousands  of  injuries  to 
Air  Force  personnel.  These  fatalities  and 
injuries,  most  of  which  could  have  been 
prevented,  impose  a  tremendous  direct  cost  on 
the  Government  for  medical  care,  insurance 
payments,  claims,  compensation  for  civilian 
employees,  and  related  services.  Accident  costs, 
carefully  computed  over  a  representative  period 
of  time,  permit  accurate  estimates  of  the 
average  direct  cost  of  each  fatality,  injury,  and 
first  aid  case.  When  these  costs  are  added 
together,  the  total  is  staggering,  and  should 
emphasize  to  everyone  the  necessity  for 
preventing  accidents.  Equally  as  important  as 
money  costs  is  the  toll  in  human 
suffering — something  that  cannot  be  evaluated 
in  dollars  and  cents. 

3-16.  An  additional  drain  on  Government 
funds  happens  when  equipment,  property,  and 
supplies  are  destroyed  or  damaged  by 
preventable  accidents.  Not  only  is  the  cost  of 
repair  or  replacement  significant,  but 
(Operations  may  also  be  seriously  handicapped  if 
parts  or  replacements  are  not  immediately 
available.  When  aircraft  or  motor  vehicles  are 
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OL'.   of  openaiorr   for  any   length   of  muc. 
assigned  missions  may  be  delayed,  unC  Ui 
tactical  situation  the  results  could  be  criiivai. 

5-17.  Indinct  costs.  In  additici  dirccf 
costs,  every  accident  involves  indirect  cunIs 
estimated  to  be  several  limes  those  that  can  h? 
readily  counted.  Indirect  costs  include  the  loss 
of  time  and  production  of  ihc  injured  and  those 
who  aid  them,  time  lost  by  curiou^.  or 
sympathetic  people  at  the  scene  of  the  accident, 
time  lost  in  investigation,  cost  ot  traininr, 
replacements,  interference  with  operations,  and 
damaged  equipment.  Though  less  tangible  tii m 
direct  costs,  indirect  losses  can  be  computtid 
and  totaled  in  the  overall  cost  of  any  accident. 
Any  installation  can  establish  a  valid  indirect 
cost  ratio  by  calculating  these  losses  over  a 
representative  period  of  time  and  comparing 
the  total  with  equivalent  direct  co.sts.  Studies 
indicate  that  the  ratio  of  indirect  to  direct  costs 
is  at  least  4  to  1.  For  every  one  dollar  of  direct 
accident  costs,  there  are  at  least  four  dollars  of 
indirect  costs.  Again,  these  losses  can  be 
prevented  ! 

3'\S.  Accident  control.  Usually  accidents 
can  be  prevented  through  adequate  safety 
engineering  and  education.  But  there  are  some 
people  who  are  a  hazard  to  themselves  and 
others  because  they  fail  to  comply  with 
accepted  safety  standards.  It  is  these  persons  for 
whom  the  strict  enforcement  of  safety  practices 
is  necessary,  backed  by  prompt  corrective 
action.  No  organized  accident  prevention  effort  ' 
can  be  successful  without  effective  enforcement, 
because  accidents  are  frequently  the  direct 
result  of  the  violation  of  safety  principles.  This 
is  particularly  true  of  vehicle  accidents,  many 
of  which  are  caused  by  unsafe  acts  constituting 
traffic  law  violations. 

3-19.  To  be  completely  effective,  accident 
prevention  controls  cannot  be  applied  ''hit  or 
miss.**  All  engineering,  education,  training, 
supervision,  and  enforcement  measures  must  be 
based  on  factual  evidence  and  directed  toward 
the  solution  of  specific  problems.  Only  in  this 
way  can  controls  be  adequately  applied. 

3-20.  Fire  Prevention.  Closely  allied  with 
good  housekeeping  and  absolutely  necessary 
for  any  organization  is  a  smooth  working  fire 
prevention  system,  since  the  best  cure  for  any 
fire  is  to  prevent  its  occurrence.  To  do  this 
requires  that  you  carry  out  all  safet> 
precautions  with  regard  to  the  prevention  of 
fires.  It  also  means  that  you  must  know  what  to 
do  and  how  to  do  it  when  a  fire  does  occur. 

3-21.  Precautions.  Many  fires  are  caused  by 
carelessness  and  poor  housekeeping.  Oily  rags 
thrown  in  a  corner  are  excclient  material  for  a 
healthy  fire.  Poor  storage  practice,  especially 
of  inflammable  materials,  has  caused  many 
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avoiditule  fires.  Overi(^aued  electneal  outlets 
coupled  viih  defective  circuit  breakers  may 
also  cause  a  fire.  No  smoking  signs  were  made 
10  he  observed;  ligiucd  cigarettes  and  matches 
thrown  in  wastepaper  baskets  full  of,  paper  arc 
not  usually  put  out  by  the  fall.  Here  arc  a  few 
precautions  that  you  should  observe  with 
regard  to  fire  prevention;  yoii  can  probably  add 
to  the  list  from  your  own  experiences  and 
warnings  that  you  have  read  or  heard. 

a.  Do  noi  allow  oily  rags  to  accumulate. 

b.  Observe  the  signs  in  the  NO  SMOKING 
areas. 

r.  Never  allow  your  clothing  to  become 
saturated  with  fuel  or  oil.  If  it  should  become 
that  way  accidentally,  change  your  clothing  as 
soon  as  it  is  possible. 

d.  Do  not  permit  gasoline,  kerosene,  jet  fuel, 
or  any  other  infiammable  fuels  to  be  stored  in 
open  containers. 

e.  Always  make  sure  that  the  static  lines  arc 
in  place  and  that  the  aircraft  is  grounded 
properly  before  you  work  on  it. 

/.  Never  deposit  cigarettes  or  matches  in  a 
wastebasket  even  if  they  appear  to  be  out. 

Do  not  open  any  oxygen  valve  near  a 
flame  or  a  lighted  cigarette. 

3-22.  When  fires  do  occur,  you  must  be 
ready  to  fight  them  quickly  and  effectively.  This 
means  that  you  should  know  the  telephone 
number  of  the  base  fire  department,  the 
location  of  the  fire  extinguisher,  and  which  type 
of  extinguisher  to  use  for  the  type  of  fire  you 
are  fighting. 

3-23.  The  telephone  number  for  the  base  fire 
department  is  usually  posted  in  large  letters. 
These  posters  are  spaced  at  intervals  in  the 
shop,  in  the  barracks,  and  on  the  Highi  line.  .As 
a  rule,  the  base  telephone  directory  has  this 
number  printed  in  large  letters  on  the  cover 
page  or  on  one  of  the  first  pages  of  the  book.  If 
alarm  boxes  are  installed  on  your  base,  learn 
where  they  are  and  how  to  use  them. 

3-24.  Fire  extinguishers.  Fire  exting»«ishers 
for  the  most  part  look  alike,  but  a  fire  can 
increase  if  you  use  the  wrong  type  of 
extinguisher  on  it.  Figure  2  shows  you  what 
types  of  fires  each  extinguisher  can  be  used  on 
and  its  effective  range.  Above  all,  find  the 
location  of  the  fire  extinguisher  in  your  work 
area,  determine  what  type  it  is,  and  plan  how 
you  are  going  to  use  It  if  the  occasion  should 
present  itself. 

3-25.  Radiaiion  Prevention.  You  may,  in 
the  future,  be  required  to  work  around 
radioactive  material  or  materials  that  have  been 
contaminated  by  radiation.  You  must  be  aware 
of  the  safety  precautions  to  observe  and.  above 
all,  you  must  instantly  recognize  the  radiation 
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figure  2.  The  use  ot  common  tire  cximguishers. 


warnings.  We  have  prepared  a  general  list  of 
precautions  that  must  be  observed.  Remember, 
you  cannot  see  radioactivity  and  it  may  be 
several  hours  before  you  leel  the  etYects  of 
radiation. 

3-26  Prci  uutiuns,  Obseive  the  following 
rules  when  you  work  arounu  radioactive 
materiai: 

a.  You  must  have  a  physical  examination  if 
you  are  exposed  to  radiation.  If  you  are 
working  around  radiation,  nou  will  bt 
scheduled  for  an  examination  periodically. 

h,  lie  sure  that  the  base  monitor  briefs  you 
on  the  measures  and  hazards  involved. 

r  You  must  wear  protective  clothing  while 
wi)rking  around  radioactive  materials. 

d.  Always  wear  a  film  badge  and  ox  a  pocket 
dosimeter  when  you  are  around  radioactivity. 

('  Practice  good  hygiene.  Wash  your  hands 
and  face  thoroughly  before  eating  or  smoking. 

/  Di)  not  eat.  drink,  smoke,  or  chew  gum  in 
the  area. 

V  Report  any  scratch  or  cut  made  by  a 
radioactive  object.  Such  scratches  may  cause 
severe^ sores  and  be  very  slow  in  healing. 


/t.  Do  not  wear  personally  owned  items  such 
as  watches  and  rings.  They  may  become 
contaminated. 

/.  Do  not  handle  telephones,  reports,  or 
other  similar  objects  while  you  wear  protective 
gloves.  Your  gloves  may  contaminate  them. 

7.  Do  not  breathe  dust  or  metallic  particles 
which  come  from  radioactive  materials. 

3-27.  AFTO  9  series.  The  AFTO  9  series 
forms  help  you  identify  radioactive  material* 
These  forms  are  yellow  with  a  red  symbol.  The 
00-110A  series  technical  orders  contain  a 
complete  description  of  the  forms  and 
instructions  for  handling  contaminated  items. 
Figure  3  shows  a  radiation  warning  placard, 
AFTO  Form  9C.  Be  alert  for  radiation  warning 
placards,  tags,  or  tables:  any  time  you  see  one, 
take  the  necessary  precautions. 

3-28.  The  AFTO  9  series  forms  and  their 
sizes  are  listed  as  follows: 

a  AFTO  Form  9.  Radiation  Warning 
Placard,  is  1 8  X  24  inche^i 

/>,  AFTO  Form  9A.  Radiation  Warning  Tag, 
is  3  1/2  X  6  1/4  inches. 
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YELLOW  BACKCROUMD 


MAGEKTA  tr4SiGNlA 


BLACK  TYPE 


APPROVA;.  or  BUOCET  BUREAU  NOT  PEQUlRED 


AUTHORIZED  ENTRANCE  ONLY 

CONTACT 

RADIOLOGICAL  MONITOR  OR  SUPERVISOR  IN  CHARGE 


JUL  •! 


previous  eoiTioNS  of  this  ponm  arc  obsolctc 


AT  CIS  **2t-«t  IBM 


Figure  y  Radiation  earning  placard 


c.  AFTO  Form  9B.  Radiation  Warning 
Table,  is  6  1/2  x  6  inches. 

d.  AFTO  Form  9C.  Radiation  Area 
Restriction  Placard,  is  18  x  6  inches. 

e.  AFTO  Form  9D.  Radiation  Ingestion 
Hazard  Placard,  is  8  1/2  x  11  inches. 


/.  AFTO  horm  9H.  Area  Restriction.  No 
Radiation  Material  Placard,  is  14  x  5  inches. 
This  placard  warns  personnel  about  taking 
radioactive  material  into  the  posted  area. 

3-29.  Accident  Reporting.  ]f  you  are 
involved  in  an  accident,  your  supervisor  and 
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the  ground  siat'cty  office  will  be  required  to  fill 
out  forms  reporting  the  circumstances  and  the 
extent  of  damage  and  injuries  sustained. 
Although  there  are  several  forms,  the  USAF 
Form  711  and  711a,  Ground 
Accident/Incident  Report,  is  the  one  that  will 
concern  you  most.  Your  supervisor  will 
complete  this  form  from  your  information. 
Your  cooperation  will  be  necessary.  Accidents 
are  reported  on  forms  prescribed  by  APR 
127  —  4  and  involve* 

^  Injuries  to  Air  Force  military  and  civilian 
personnel  or  those  stationed,  assigned,  or 
employed  at  Air  Force  installations. 

•  Injuries  to  non-Air  Force  personnel 
resulting  from  Air  Force  ground  operations. 

*  Accidents  and  incidents  resulting  in 
disabling  injuries  and/or  property  damage  of 
$25  or  more.  Such  accidents  are  referred  to  as 
'reportable  ground  accidents."  When  an 
accident  is  reported  for  any  of  the  foregoing 
reasons,  all  injuries  without  regard  to  their 
extent  or  amount  will  be  included. 

4.  FifNl  Aid 

4-1.  Air  Force  Pamphlet  50-55.  GMT  First 
Atd.  is  an  excellent  publication  for  studying 
first  aid.  But  first  aid  is  so  important  to  you.  to 
your  friends,  and  even  to  total  strangers  that  the 
fundamentals  should  be  repeated  in  this 
publication. 

4*2.  There  are  two  types  of  emergencies  that 
few  people  escape  meetings  some  time  in  their 
lives.  These  emergencies  require  first  aid  or 
lives  can  be  lost.  They  are:  (1)  emergency 
treatment  of  wounds  or  serious  cuts  and  (2) 
artificial  respiration  for  victims  of  electrical 
shock  or  drowninji^. 

4-3.  You  don't  have  to  be  a  doctor  or 
medical  technician  to  help  an  injured  person. 
For  that  matter,  accidents  seem  to  happen  more 


often  than  not  beyond  the  convenience  of 
professional  help.  The  life  of  an  injured  person, 
therefore,  often  is  held  in  the  hands  of  many 
people.  L.et*s  be  sure  we  are  ready. 

4-4.  Emergency  Treulment.  To  treat  a 
wounded  person,  you  should  be  able  to  carry 
out  the  three  life-saver  steps  which  follow: 

•  STOP  the  bleeding. 

•  PREVENT  or  TREAT  shock. 

•  PROTECT  the  wound. 

Memorize  these  three  steps  and  learn  the 
simple  methods  of  carrying  them  out. 

4-5.  Control  of  bleeding.  Uncontrolled 
bleeding  may  cause  or  increase  shock  and  result 
in  death.  Stop  any  severe  bleeding  immediately. 
To  stop  bleeding,  first  apply  pressure  to  the 
wound  with  a  dressing  or.  if  necessary,  some 
substitute  material  such  ns  a  clean  shirt, 
handerchief.  etc.  Be  sure  to  use  clean  materials. 
Place  the  dressing  or  cloth  against  the  wound 
and  apply  firm  pressure.  See  figure>4.  Continue 
'  the  pressure  as  long  as  needed.  Use  an 
additional  dressing  to  cover  the  wound  if 
necessary.  Wrap  the  tails  of  the  dressing  around 
the  wounded  part  and  tie  the  ends  to  hold  the 
dressing  firmly  against  the  wound. 

4-6.  If  the  wound  is  on  an  arm  or  leg  and  if 
the  bleeding  continues,  place  the  patient  on  his 
back  with  the  wounded  arm  or  leg  raised.  The 
bleeding  is  only  slowed,  not  stopped*  by  raising 
the  arm  or  leg.  so  you  still  have  to  use  the 
dressing  and  pressure.  DO  NOT  raise  the  limb 
if  you  think  the  bone  is  broken.  Moving  a 
broken  arm  or  leg  is  dangerous,  since  it  may 
result  in  further  injury  to  the  victim  and  niay 
increase  shock. 

4-7.  Often  you  can  reduce  or  stop  bleeding 
by  applying  hand  or  finger  pressure  at  various 
points  on  a  patient's  body.  The  locations  of 
these  points  are  shown  in  figure  5.  The  pressure 
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IN  FR0N7       THE  EAR 

W  THC  JAW 

IM  THE  NECK 
'.EHiHD  THE  COLLAR  BOHE 


ON  THE  INNEK  SIDE 
OF  THE  ARM 


IN  THE  GROIN 


O  TOURNIQUET 


Figure  5.  Stop  the  bleeding— preuure  points. 


points  in  the  groin  and  neck  are  particularly 
important.  If  the  wound  is  too  high  on  the  leg 
for  a  tourniquet  to  be  applied,  the  pressure 
points  in  the  groin  can  be  used.  A  neck  pressure 
point  should  be  used  when  the  casualty  has  a 
profusely  bleeding  scalp  wound.  Use  the  neck 
pressure  point  only  as  a  last  resort  when  other 
methods  of  stopping  bleeding  have  failed. 
Figure  4  shows  a  means  of  applying  pressure 
with  the  hand.  This  method  may  also  be  used 
on  the  head  and  neck  pressure  points,  using  the 
index  and  middle  fingers.  The  heel  of  the  hand 
is  used  to  apply  pressure  to  the  groin. 
CAUTION:  Do  not  apply  pressure  to  both 
neck  points  at  the  same  time.  You  would  cut  oft 
the  blood  supply  to  the  brain,  which  would 
cause  unconsciousness  and  de^^th. 

4-8.  A  tourniquet  shoufd  be  used  only  for 
severe,  life-threatening  hemorrhaging  that 
Cdnnot  be  controlled  by  other  means.  It  should 
be  used  only  when  severe  bleeding  involves  an 
extremity  in  which  the  large  arteries  are 
severed,  or  in  case  of  partial  or  complete 
severance  of  a  body  part.  These  are  the  only 
instances  where  the  application  of  a  tourniquet 
is  justified.  If  necessary  to  use  a  tourniquet, 
follow  the  procedure  illustr^it^xl  in  figure  6. 


4-9..  A  tourniquet  should  be  tightened  only 
enough  to  stop  arterial  bleeding  (gushing  of 
blood  from  the  wound).  The  veins  will  continue 
to  bleed  slightly  until  the  limb  is  drained  of  all 
blood;  thus,  bleeding  will  not  be  reduced  by 
further  tightening  of  the  tourniquet. 

4-10.  Always  place  the  tourniquet  between 
the  wound  and  the  heart,  and,  in  most  cases,  as 
low  as  possible  above  the  wound.  However,  in 
the  case  of  bleeding  below  the  knee  or  elbow«  a 
tourniquet  should  be  placed  just  above  the 
respective  joints.  When  possible,  protect  the 
skin  by  putting  a  tourniquet  over  the  smooth 
sleeve  or  trouser  leg.  CAUTION:  The  victim 
should  be  seen  by  a  medical  officer  as  soon  as 
possible  once  the  tourniquet  is  applied.  The 
tourniquet  should  not  be  loosened  by  anyone 
except  a  medical  officer  prepared  to  stop  the 
bleeding  by  other  means  and  to  restore  the 
blood  volume  by  transfusion.  Repeated 
loosening  of  the  tourniquet  by  inexperienced 
personnel  is  extremely  dangerous,  because  the 
life  of  the  individual  is  endangered  by  further 
loss  of  blood. 

4-11.  Prevention  and  treatmem  of  shock. 
Shock  is  a  condition  of  great  weakness  of  the 
body.  It  can,  and  often  does«  result  in  death 
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L  HAKE  A  LOOP  AROUND  THE  LIU&  t  PASS  A  STICK  UNOER  THE  LOOP. 


3.  TIGHTEN  JUST  ENOUGH  TO  STOP  BLEEOma    4.  SECURE  TOURNIQUET  01  PLACE 


Figure  6.  Stop  the  Dleedmg^tournmuet. 


Shock  may  be  caused  Dy  any  kind  of  injury;  and 
the  more  severe  the  injury,  the  more  likely  the 
occurrence  of  shock.  Shock  may  not  appear  for 
some  time  after  injury.  Always  treat  an  accident 
victim  for  shock  whether  or  not  he  has 
symptoms  of  shock. 

4-1 2.  Symptoms  of  shock  are  not  difficult  to 
recognize.  A  person  in  shock  may  show  one  or 
more  of  the  following  conditions: 

a.  He  may  tremble  and  appear  nervous. 

b.  His  pulse  becomes  rapid  and  weak. 

c.  He  may  be  excessively  thirsty. 

d.  He  may  become  quite  pale  and  wet  with 
sweat. 

e.  He  may  gasp  for  air  and  may  even  faint. 
/.  He  may  vomit  or  complain  of  nausea. 

Again,  remember  to  treat  for  shock.  Don't  wait 
for  one  of  the  above  symptoms  to  appear. 

4-13.  The  same  procedures  are  used  to 
prevent  and  to  treat  shock.  The  first  step  is  to 
make  the  victim  comfortable.  He  should  be 
kept  lying  down  in  order  for  greater  amount  of 
blood  to  flow  to  the  head  and  chest  where  it  is 
needed  most.  Loosen  his  belt  and  any  other 
tight-fitting  clothing.  Make  sure  there  are  no 
broken  bones  before  you  move  him.  Cover  him 
to  keep  him  warm  and  prevent  chilling.  If  he  is 
unconscious,  place  him  face  down  with  his  head 
turned  to  one  side  to  prevent  choking  should  he 
vomit.  If  he  is  conscious,  give  him  some  liquid 
(nonalcoholic)  to  drink  to  replace  body  fluid. 

4-14.  Protect  the  wound.  The  third  and  final 
step  is  10  protect  the  wound  from  infection  and 
further  injury.  Tear  or  cut  the  clothing  around 


the  wound  and  be  careful  not  to  touch  it  with 
your  hand.  Cover  the  wound  with  a  sterile 
dressing  and  bandage  if  available.  Do  not  touch 
the  side  of  the  dressing  that  goes  next  to  the 
wound.  Tie  something  around  the  body  or  limb 
to  hold  the  dressing  securely  in  place.  Once  the 
dressing  is  applied,  do  not  remove  it. 

4*15.  Artificial  Respiration.  Artiftctal 
respiration  is  a  means  of  causing  air  to  flow 
into  and  out  of  the  lungs  of  an  individual  when 
his  normal  breathing  system  ceases  to  function. 

4-16.  Uses.  Artificial  respiration  is  not 
restricted  to  the  treatment  of  victims  of 
electrical  shock.  Even  though  we  are  primarily 
concerned  with  electrical  shock  in  this 
discussion,  we  should  also  mention  a  few 
additional  uses  for  artificial  respiration.  It  may 
also  be  used  to  stimulate  breathing  in 
individuals  whose  breathing  has  stopped  as  a 
result  of  drowning,  carbon  monoxide  or  other 
gas  poisoning,  smoke,  overexposure  to  heat,  or 
suffocation.  When  breathing  is  inadequate,  the 
victim  is  always  pale  or  blue  in  color.  In  carbon 
monoxide  poisoning,  the  symptoms  may  be 
giddiness,  weakness,  headache,  vomiting — then 
unconsciousness. 

4-17.  Obstructions  to  breathing.  An 
important  consideration  in  any  method  of 
artificial  respiration  is  that  the  air  passageway 
be  open.  If  there  is  an  obstruction,  air  cannot 
enter  the  lungs  regardless  of  the  method  used. 
There  are  three  main  causes  for  obstruction. 
The  first  is  liquid,  false  teeth,  or  other  foreign 
matter  in  the  mouth  or  throat.  The  second  is 
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Figure  7.  Pulling  the  lower  jaw  outward. 

relaxation  of  the  jaw.  The  tongue,  attached  to 
the  relaxed  jaw,  falls  backward  and  blocks  the 
throat  (called  "swallowing  the  tongue**).  The 
third  is  the  position  of  the  neck.  When  the  neck 
is  bent  forward  so  that  the  chin  is  down  close  to 
the  chest,  there  is  a  tendency  for  the  throat  to 
become  '"kinked"  and  block  the  passage  of  air. 
The  air  passageway  can  be  kept  open  by  placing 
the  head  in  a  position  with  the  chin  jutting 
outward. 

4-18.  Methods,  There  are  four  basic 
methods  of  artiHcial  respiration  recognized  by 
the  Air  Force.  They  are  as  follows: 

•  Mouth-to-mouth  (exhaled-air). 

•  Back -pressure-arm-lift  (B-P-A-L). 

•  Back-pressure-hip-lift  (B-P-H-L). 

•  Chest-pressure-arm-lift  (C-P-A-L). 

Of  the  four  methods,  the  mouth-to-mouth 
method  has  proven  to  be  the  most  effective 
because  it  can  be  used  even  though  the  victim 
has  suffered  severe  burns  or  injuries.  It  is  the 
surest  method  for  getting  oxygen  into  the  lungs 
and  should  always  be  used  when  conditions 
permit. 


Figure  8.  Pulling  the  lower  jiw  outward  on  children. 


4-19.  Using  the  mouth-io-mouih  (cxhaled- 
s>\r)  method  you  force  air  into  the  victim's  lungs 
with  your  own  mouth.  Since  you  retain  only  a 
portion  of  the  oxygen  from  the  air  which  you 
inhale,  the  air  you  breathe  into  the  victim's 
lungs  contains  a  sufficient  amount  of  oxygen  to 
revive  him 

4-20.  The  step-by-step  procedure  for 
administering  mouth-tp- mouth  artificial 
respiration  is  as  follows: 

Step  1.  Turn  the  victim  on  his  back. 

Step  2.  Clean  ihe  mouth,  nose,  and  throat.  If 
foreign  matter  such  as  vomit  or  mucus  is  visible 
in  the  mouth,  nose,  and  throat,  wipe  it  away 
quickly  with  a  cloth  or  by  passing  the  index  and 
middle  fmgers  through  the  throat  in  a  sweeping 
motion.  When  these  areas  appear  to  be  clear, 
proceed  as  quickly  as  possible. 

Step  3.  Place  the  victim's  head  in  the  "sword- 
swallowing**  position.  The  head  must  be  placed 
as  far  back  as  possible  so  that  the  front  of  the 
neck  is  stretched. 

Step  4.  Hold  the  lower  jaw  up.  Approach  the 
victim*s  head,  preferably  from  his  left  side. 
Insert  the  thumb  of  your  left  hand  between  the 
victim's  teeth  at  the  midline  as  shown  in  figure 
7.  Pull  the  lower  jaw  forcefully  outward  so  that 
the  lower  teeth  are  further  forward  than  the 
upper  teeth.  Hold  the  jaw  in  this  position  as 
long  as  the  victim  is  unconscious.  A  piece  ot 
cloth  may  be  wrapped  around  the  thiimb  to 
prevent  injury  by  the  victim*s  teeth.  In  the  case 
of  young  children  (under  age  3),  where  your 
thumb  would  obstruct  too  much  of  the  mouth, 
or  in  a  victim  whose  mouth  cannot  be  opened, 
proceed  as  follows.  Grasp  the  angles  of  the 
lower  jaw  just  below  the  ear  lobes  with  both  of 
your  hands,  one  on  each  side  of  the  victim*s 
head  as  shown  in  figure  8.  Lift  the  lower  jaw 
forcefully  outward  so  that  the  lower  teeth  are 
further  forward  than  the  upper  teeth.  At  the 
same  time,  pull  the  lower  lip  down  with  the 
thumbs  to  open  the  mouth.  Hold  the  jaw  in  this 
position  as  long  as  the  victim  is  unconscious. 

Step  5.  Close  the  victim's  nose  by 
compressing  it  between  the  thumb  and 
torefinger  of  the  right  hand  as  shown  in  figure 
9.  In  the  case  of  young  children  or  in  a  victim 
who  has  tight  jaws,  block  the  victim's  nose  jDo 
prevent  air  leakage  by  pressing  your  right  cheek 
against  the  nasal  opening  as  shown  in  figure  10. 
(The  hands  will  be  occupied  elsewhere.) 

Step  6.  Blow  air  into  the  victim's  lungs.  Take 
a  deep  breath,  and  cover  the  victim's  open 
mouth  with  your  open  mouth  making  an 
airtight  contact.  In  the  case  of  a  baby,  the 
rescuer's  mouth  can  cover  both  the  mouth  and 
nose  with  an  airtight  contact.  Blow  rapidly 
until  the  chest  rises.  If  the  chest  does  not  rise 
when  you  blow  in,  improve  the  position  of  the 
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Figure  9.  Closini  the  victim's  nose. 

victim's  air  passageway,  and  blow  more 
forcefully.  Always  blow  forcefully  into  adults 
and  gently  into  children. 

Step  7.  Let  air  out  of  the  victim*s>  lungs. 
After  the  chest  rises,  quickly  break  lip  contact 
with  the  victim,  and  allow  the  victim  to  exhale 
by  himself.  Repeat  steps  6  and  7  vigorously  at 
an  approximate  rate  of  12  times  per  minute  for 
an  adult.  Use  shallow  puffs  of  air  at  the  rate  of 
20  times  per  minute  for  a  child.  A  smooth 
rhythm  is  desirable,  but  split-second  timing  is 
not  essential.  Continue  rhythmically  without 
interruption  until  the  victim  starts  breathing  or 
is  pronounced  dead. 

4-21 .  An  alternate  method  of  the  exhaled-air 
method  can  be  accomplished  with  the  use  of  a 
plastic  device  called  an  airway,  which  is  shown 
in  figure  II.  This  device  tends  to  increase 
efficiency  because  it  prevents  the  tongue  from 
falling  back  into  the  throat.  It  also  is  more 
sanitary.  But  never  refrain  from  administering 
the  oral  mouth-to-mouth  method  because  this 


device  is  nol  available.  CAUTION:  DO  NOT 
use  this  plastic  device  on  children  under  3  years 
of  age. 

4-22^  The  procedures  are  the  same  as  for  the 
oral  method  with  the  exception  of  your  position 
and  placing  the  airway  in  the  victim's  mouth. 
Extreme  caution  should  be  exercised  when 
inserting  the  airway  so  as  not  to  damage  the 
throat. 

4-23.  Assume  a  position  at  the  top  of  the 
victim's  head.  Insert  the  long  end  (short  end  for 
children  3  years  of  age  and  over)  into  the  throat 
while  holding  the  head  back  as  shown  in  figure 
12.  If  necessary,  hold  the  tongue  down  to 
prevent  it  from  getting  in  the  way  while 
inserting  the  airway.  Insert  the  airway  untiPthe 
fTange  rests  lightly  against  the  lips.  Once  the 
tube  is  inserted,  retain  the  same  position  and 
place  the  hands  as  shown  in  figure  1 3.  Pinch  the 
nose  with  yoiir  thumbs  and  press  the  flange  with 
your  index  fingers  to  prevent  any  air  leakage. 


Figure  to.  Closing  the  victim's  nose  in  the 
case  of  small  children. 


Figure  II.  Klistic  device. 

• 

Be  sure  to  hold  the  chin  upward  and- toward 
yourself  at  all  times. 

4-24.  Blow  into  the  tube,  watching  for  the 
chest  to  rise,  as  indicated  by  figure  14.  When 
the  chest  moves,  remove  your  mouth  and  allow 
the  victim  to  exhale.  Repeat  this  process  in  the 
sime  manner  as  in  steps  6  and  7  of  the  oral 
method.  The  first  obvious  indications  that  the 
victim  is  responding  to  your  efforts  will  be  a 
gurgling  or  gasping  for  air  sound  and  possible 
coughing  and  gagging. 

4-2S.  If  the  victim  appears  to  be  breathing  to 
some  degree,  keep  his  air  passageway  open  until 
he  awakens  by  maintaining  the  support  of  his 
lower  jaw.  If  his  tongue  or  fingernails  are  blue 
rather  than  pink,  he  is  not  breathing  adequately 
and  still  requires  assistance.  You  should 
breathe  air  into  the  victim's  lungs  each  time  the 
victim  himself  breathes  in.  Synchronize  your 
timing  to  assist  him. 

4-26.  After  either  method  of  exhaled-air 
artificial  respiration  has  been  performed  for  a 
period  of  time,  the  victim's  abdomen  may  bulge 
from  the  air  blown  in  the  victim's  stomach.  Air 
inflation  of  the  stomach  is  not  dangerous; 
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Figure  12.  With  device — firsi  step. 

however,  inflation  of  the  lungs  is  much  easier 
when  the  stomach  is  empty.  If  the  rescuer  sees 
the  abdomen  bulging,  he  should  interrupt 
blowing  for  a  few  seconds  and  press  with  his 
hand  on  the  upper  abdomen  between  naval  and 
breastbone,  causing  the  air  to  be  ''burped.** 
Since  this  maneuver  may  cause  the  victim  to 
vomit,  the  rescuer  must  be  ready  to  roll  the 
victim*s  head  to  the  side  and  clean  the  throat  at 
once. 

4-27.  The  drowning  victim  usually  swallows 
large  amounts  of  water.  When  the  rescuer 
performs  the  first  few  breaths  of  exhaled-air 
artificial  respiration,  the  water  may  be  forced 
from  the  stomach  into  the  victim*s  throat 
because  of  pressure  transmitted  through  the 
diaphragm  by  the  extending  lungs.  The  rescuer 
must  be  alert  to  this  possibility  and  roll  the 
victim's  head  to  the  side  immediately  so  that  the 
water  and  other  materials  may  drain  out. 
Exhaled-air  artificial  respiration  should  be 
resumed  as  quickly  as  possible. 

4-28.  The  drowning  victim  may  or  may  not 
have  water  in  the  lungs.  This  water  cannot  be 
removed  from  the  lungs  satisfactorily  by  any 
means;  however,  exhaled-air  artificial 
respiration  will  still  be  effective. 


Figure  13.  Wiih  device— second  siep 


Figure  14.  Wiih  device^ihird  siep. 


5.  Off-Duty  Safety 

5-1.  A  man  assigned  to  a  hazardous 
operation  as  part  of  his  daily  duty  is  conscious 
of  that  danger  and  prepares  himself 
accordingly.  He  is  also  under  almost  constant 
supervision  during  duty  hours  and  is  told  what 
he  should  and  should  not  do  to  remain  alive 
and  healthy.  He  knows  that  if  he  violates 
regulations  and  directives  he  will  he 
reprimanded  or  disciplined  for  his  wrong 
doing.  Thus,  he  is  kept  in  line. 

5-2.  Now  follow  this  same  airman  after 
hours.  He  showers,  relaxes,  and  looks  around 
for  some  recreation.  His  carefulness  usually 
relaxes  right  along  with  his  body.  Perhaps  he 
decides  to  go  to  the  hobby  shop,  play  some 
sport,  or  go  for  a  drive.  For  these  activities, 
there  is  no  safety  officer  to  caution  him;  many 
times,. there  are  no  posters  to  warn  him  and  no 
supervisor  to  admonish  him.  He  is  strictly  on 
his  own,  and,  as  the  facts  and  figures  prove, 
often  without  the  ability  to  handle  the 
assignment.  Let*s  take  a  look  at  some  of  the 
hazards  that  might  confront  t^'.s  airman  and 
what  he  should  do  to  meet  them.  This  section 
will  deal  with  such  items  as  safe  driving  during 
off-duty  hours,  safety  in  sports,  safe  conduct  in 
the  barracks,  and  safety  in  hobby  shop 
activities. 

5-3.  Safety  in  Driving*  As  a  source  of  off- 
duty  pleasure,  the  automobile  rates  top  billing 
with  Air  Force  personnel.  Unfortunately,  it  is 
also  their  greatest  threat  to  life  and  limb.  For 
example,  in  \  966  private  motor  vehicles  driven 
by  Air  Force  personnel  were  responsible  for 
more  than  443  deaths  and  3,150  disabling 
injuries,  and  those  statistics  haven't  improved 
in  1971. 

5-4.  About  one-fifth  of  all  Air  Force  ground 
accidents  can  be. directly  attributed  to  unsafe 
operation  of  private  vehicles.  These  accidents 
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are  many  times  more  severe  than  accidents  in 
Government  vehicles,  with  injuries  reaching 
approximately  one-third  of  all  ground 
accidents.  The  major  contributing  factors  to 
private  vehicle  accidents  include  exceeding  or 
dropping  tar  below  speed  limits,  improper 
speed.*;  for  road  conditions,  fatigue  and  falling 
ableep.  disregarding  traffic  controls,  driving  on 
the  wrong  side  of  the  road,  following  too 
closely,  and  unsafe  or  improper  passing.  These 
causes  account  for  approximately  90  percent  of 
the  unsafe  acts  of  drivers. 

S-5.  What  can  you  do  to  reduce  the  off-base, 
off-duty  accident  rate?  First  of  all.  learn  the 
traffic  laws  that  are  in  effect  in  your  particular 
location.  Second,  observe  these  laws  strictly. 
Consider  several  factors  ragarding  the  exact 
observance  of  traffic  laws. 

•  Never  try  to  travel  too  far  in  too  short  a 
period  of  time.  This  can  be  assured  by  your 
adhering  to  the  local  travel  policies. 

•  Don't  continue  driving  when  you  are 
sleepy  or  overtired.  Remember  that  when  you 
have  an  accident  you  endanger  not  only 
yourself  but  the  driver  and  passengers  of  other 
vehicles  as  well. 

•  Make  sure  your  car  is  in  good  mechanical 
condition  before  starting  on  a  trip. 
.Malfunctioning  brakes,  lights,  and  windshield 
wipers,  as  well  as  badly  worn  tires,  are  very 
conducive  to  auto  accidents. 

•  Keep  in  mind  that  alcohol  and  driving  do 
not  mix. 

•  Observe  speed  limits;  highways  are  not 
intended  to  be  race  tracks. 

S-6.  You  can  undoubtedly  add  many  more 
precautions  to  the  ones  listed.  So.  if  you  want 
to  go  on  living  with  a  whole  and  sound  body 
and  have  a  desire  to  help  others  do  the  same, 
drive  carefully. 

S-7.  Safety  in  Spurts.  Sports  should  occupy 
a  very  important  place  in  your  Air  Force  life. 
Military  planners  are  becoming  more  and  more 
conscious  of  this  fact  as  a  means  for  helping 
people  do  their  jobs  better  and  develop 
themselves  physically.  Among  the  more 
common  athletic  activities  sponsored  by  the  Air 
Force,  both  during  duty  hours  and  off  duty,  are 
swimming,  football,  boxing,  wrestling, 
basketball,  baseball,  track,  and  golf.  When 
properly  organized  and  supervised,  these 
activities  do  much  to  train  the  airman 
physically  and  mentally.  However,  when 
engaged  in  improperly,  they  become  a  source  of 
danger  and  often  a  cause  of  injury. 


5-8.  You  will  do  well  to  read  the  Air  Force 
Sports  Manual,  AFM  315  —  2.  This  Air  Force 
publication,  intended  primarily  for  athletic 
directors,  will  prove  itself  very  helpful  to  you  in 
developing  an  attitude  of  sports  safety. 

S-9.  Safety  in  Barracks.  At  first  glance, 
barracks  life  seems  to  be  perfectly  harmless. 
However,  by  the  very  fact  that  so  many  different 
types  of  men  are  living  in  one  building,  the 
barracks  can  be  a  source  of  a  great  many 
accidents  which  are  not  always  accidental. 

S-10.  Horseplay  should  never  be  tolerated  in 
the  barracks.  During  morning  cleanups  and 
G.I.  parties,  serious  injury  can  be  and  often  is 
caused  by  happy-go-lucky  broom  and  mop 
wielders  who  exhibit  their  prowess  as  fencing 
experts  rather  than  cleaners. 

S-1 1.  Smoking  in  bed  is  a  practice  that  leads 
to  many  unpleasant  results.  Dispose  of  cigarette 
butts  in  butt  cans  and  not  in  the  center  aisle  of 
the  bay.  In  case  of  a  fire  in  the  barracks,  use  the 
same  procedure  for  extinguishing  and  reporting 
fires  as  we  have  already  outlined. 

S-12.  Safety  in  the  Hobby  Shop.  The  base 
hobby  shop,  and  most  modern  bases  have  one, 
is  a  good  place  to  relax  after  a  day*s  work  and 
do  something  useful  and  practical  with  your 
spare  time.  Even  though  most  hobby  shops  are 
built  and  equipped  with  a  realization  that  the 
using  personnel  are  not  fully  skilled  in  what 
they  are  doing,  you  must  still  exercise  care  in 
using  the  equipment  provided. 

S-1 3.  Carpentry  equipment  is  especially 
dangerous.  Such  tools  as  motor-driven  saws, 
power  drills,  and  other  wood-shaping 
equipment  should  be  used  with  caution  and 
according  to  directives.  Failure  to  do  so  could 
result  in  irreparable  bodily  injuries.  Here  are  a 
few  desirable  items  which  every  hobby  shop 
user  should  note. 

•  Make  sure  you  are  well  oriented  on  the 
use  of  equipment. 

•  Use  safety  guards  at  all  times. 

•  Make  sure  the  floor  around  machines  is 
free  from  stumbling  and  tripping  hazards. 

•  Keep  the  floor  clear  of  sawdust  and 
scraps. 

S-1 4,  Bear  in  mind  that  hobby  shop  SOPs 
were  written  for  your  protection  and  to  insure 
that  the  equipment  will  fulfill  its  rated  time  of 
serviceability.  It  is  to  your  advantage  to  become 
completely  familiar  with  all  operating 
procedures  before  you  attempt  to  use  any  piece 
of  hobby  shop  equipment. 

S-IS.  At  this  time  work  the  Chapter  Review 
Exercise  for  Chapter  2  in  your  workbook. 
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CHAPTER  3 


Maintenance  Principles 


IN  THE  MODERN  com'municaiions. 
electronics  field,  operational  requirements  have 
placed  unbelievable  demands  on  C-E  systems. 
Now  our  equipment  must  be  faster  and  more 
accurate,  with  pe  .  rmance  capabilities 
unheard  of  even  a  decade  ago. 
Communications-electronics  systems  must  be 
capable  of  providing  communications  around 
the  world  under  all  environmental  conditions. 

2.  Basically,  reliability  must  be 
manufactured  into  the  equipment,- but  another 
aspect  —  maintenance — will  affect  this 
reliability.  Poor  reliability  results  in  failure, 
which  jeopardizes  the  success  of  the  mission; 
therefore,  equipment  has  to  be  designed  for 
ease  of  maintenance.  But  even  with  alt  the 
methods  we  now  have  to  reduce  the 
maintenance  effort,  complex  electronic 
equipment  must  still  be  maintained  by  a  well- 
trained  repairman.  This  is  you.  You  are  a  vital 
contributor  to  the  reliability  of  the  equipment. 
You  are  depended  upon  to  report  failures  and 
to  feed  back  data  from  which  the  causes  of 
failures  may  be  determined.  Maintenance  of  the 
equipment  is,  of  course,  your  responsibtlity. 

3.  Retaining  equipment  in,  or  restoring  it  to, 
a  serviceable  condition  requires  the  applica- 
tion of  established  maintenance  prov 
cedures — troubleshooting  and  repair.  To  do 
your  work,  you  must  thoroughly  understand 
electronic  principles  and  must  become  familiar 
with  the  operation  of  ihe  equipment  systems. 
You  must  know  proper  troubleshooting  and 
repair  principles,  and  how  to  use  applicable 
technical  publications  such  as  technical  orders, 
schematics,  and  wiring  diagrams.  (Note:  We 
discuss  technical  orders  in  the  last  section  of 
this  chapter.)  Repair  principles  include  repair 
of  printed  circuits,  replacement  of  transistors, 
and  cable  fabrication.  Finally,  you  must  know 
how  to  test  the  finished  job  in  a  minimum  of 
time. 

6,  Preventive  Mainlensincc 
6-1.  The  best  maintenance  is  preventive  in 


nature,  with  potential  failures  being  detected 
and  corrected  before  they  have  a  chance  to 
develop.  Preventive  maintenance  consists  of  the 
measures  taken  periodically  or  when  needed  to 
achieve  maximum  efficiency  in  performance,  to 
insure  continuity  of  service,  to  reduce  major 
breakdowns,  and  to  lengthen  the  useful  life  of 
the  equipment  or  system. 

6-2.  This  form  of  maintenance  consists 
principally  of  inspecting,  cleaning,  and 
lubricating  equipment  during  periodic 
inspections.  It  is  aimed  at  discovering 
conditions  which,  if  not  corrected,  may  lead  to 
malfunctions  that  will  require  major  repair.  A 
typical  example  of  this  type  of  maintenance  is  a 
requirement  for  the  bearings  of  a  motor  to  be 
lubricated  at  given  intervals.  If  this  is  not  done, 
the  bearings  may  become  dry  and  burn  up  and 
possibly  destroy  the  whole  motor  and  other 
associated  equipment.  Today  some  motors  have 
sealed  bearings  that  are  permanently 
lubricated,  but  the  thought  behind  the 
scheduled  maintenance  procedures  applies  to 
all  electronic  equipment. 

6-3.  Inspection,  Cleaning,  and 
Lubrication.  Inspecting,  cleaning,  and 
lubricating  electronic  equipment  is  one  of  the 
most  important  jobs  that  you  have  as  an 
electronic  equipment  repairman.  Most  of  this 
work  is  done  as  you  perform  preventive 
maintenance  routines.  While  you  are 
performing  these  routines,  you  should  be 
continuously  alert  for  potential  defects  in  the 
equipment,  such  as  worn  parts  or  overheated 
components.  Find  the  cause  of  these  defects, 
and  correct  the  trouble.  If  you  perform  routines 
properly,  you  greatly  lessen  the  possibility  of 
future  failures  and  malfunctions. 

6-4.  Technical  manuals  of  preventive 
maintenance  instructions  outline  the  step-by- 
step  procedures  to  follow  when  you  inspect, 
clean,  and  lubricate  equipment.  The  purpose  of 
this  section  is  to  give  you  the  general  principles 
upon  which  these  procedures  are  based. 
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6-5.  Inspevtion  One  of  the  most  important 
steps  in  pcrt'orming  preventive  or  corrective 
maintenance  is  a  complete  visual  inspection. 
Many  detects  in  electronic  equipment  are  found 
this  wa>  You  must  visually  inspect  the 
equipment  tor  discolored,  burnt,  or  cracked 
resistors  and  capacitors.  U)ose  connections, 
loose  mountings;  faulty  tubes,  sluggish  or  dirty 
relays,  overheated  transformers  and  motor 
housings,  and  defective  insulators.  The 
importance  of  the  visual  inspection  cannot  be 
overemphasized.  Make  this  inspection  wry 
carefully.  .Many  simple  troubles  have  been 
overjooked  and  their  correction  has  become 
time-consuming  because  someone  neglected  to 
perform  the  visual  inspection  properly. 

6-6.  At  times  potential  troubles  can  be  found 
by  tou(h  As  an  example,  feel  the  coupling 
transformers.  They  should  be  cool  even  after 
the  equipment  has  been  operating  a  relatively 
long  time,  If  they  are  hot.  something  is  wrong. 
The  transformers  in  the  power  supplies  should 
be  rather  hot,  but  not  hot  enough  to  burn  your 
hand. 

6-7.  During  the  inspection,  carefully  note 
the  areas  that  will  require  special  attention 
when  you  start  cleaning  the  equipment.  Most 
dust  can  be  easily  removed  by  a  vacuum 
cleaner,  but  more  stubborn  dire,  grime,  grease, 
and  corrtision  require  other  methods  of 
cleaning. 

6-8.  Cleaninyi.  The  first  step  in  cleaning 
electronic  equipment  is  to  remove  all  dust,  dirt, 
and  foreign  particles  with  a  vacuum  cleaner  or 
compressed  air.  When  cleaning  with 
compressed  air,  be  careful  that  it  does  not 
damage  fragile  parts  and  be  sure  that  the 
alignment  is  not  disturbed  by  your  careless 
handling  of  the  air  nozzle.  Damage  can  be 
prevented  by  not  using  excessive  air  pressure 
and  by  careful  handling  of  the  air  hose.  A  soft 
dust  brush  can  be  used  to  some  advantage, 
provided  you  exercise  the  proper  care.  After  the 
loose  dirt  has  been  removed  from  the 
equipment,  use  a  clean  lintless  rag  moistened 
with  uppnnvd  cleaning  solvent  to  remove 
remaining  dirt  and  grease  spots. 

Proper  precautions  must  be  observed  in 
the  storage  and  .  use  of  cleaning  solvents. 
Tnchloroethylene  is  one  recommended  solvent 
tor  cleaning  electronic  equipment,  Note, 
however,  rhat  trichloroethylene  is  toxic  and 
should  be  used  t^nly  in  a  well-ventilated  room. 
Where  reterence  is  made  in  technical 
puhheanons  to  the  use  of  carbon  tetrachloride 
tor  cleaning  purposes,  trichloroethylene  is  to  be 
substituted.  Carbon  ictrachloride  is  eiifht  times 
as  toxic  as  trichloroethylene  and  no  more 
effective  as  a  cleaner.  Trichloroethylene  should 


no(  be  used  for  cleaning  thermoplastics, 
"  doped"  coils,  or  natural  rubber. 

6-10.  Remove  any  corrosion  found  during 
the  visual  inspection.  Clean  dirty,  corroded 
tube  pins  and  relay  prongs  with  crocus  cloth  or 
tine  (  #  0000)  sandpaper  and  then  wipe  them 
clean  with  a  dry  cloth.  Clean  fuse  ends  and 
cable  connector  pins  in  the  same  manner. 

6-11.  Luhricadon.  For  lubrication 
instructions,  use  the  applicable  equipment 
technical  manuals  in  your  organization. 
Equipment  technical  manuals  give  you  specific 
instructions  on  the  type  of  lubricants  to  use. 
how  to  appl>  them,  and  the  intervals  at  which 
they  will  be  applied.  The  following,  however,  is 
applicable  to  the  lubrication  of  any  electronic 
equipment: 

•  Before  lubrication,  clean  all  the  surfaces  to 
be  lubricated  with  a  lint-free  cloth 
dampened  with  a  solvent. 

•  Do  not  overlubricate.  Accumulation  of  oil 
or  grease  and  dirt  may  cause  serious 
damage  to  movable  parts. 

•  Wipe  off  excess  lubricant  to  prevent  its 
dripping  on  electrical  parts. 

6-12.  Climatic  Deterioration  Prevention. 

The  purpose  of  climatic  deterioration 
prevention  is  to  help  prevent  arcing,  frequency 
drift,  short  circuits,  and  the  general 
deterioration  caused  by  excessive  humidity, 
condensation,  and  the  resultant  growth  ^f 
fungus.  These  are  constant  threats  to  electronic 
equipment  operation.  The  treatment  to 
minimize  these  deteriorating  forces  is  listed  in 
the  USAF  publication.  AFTO  12-1-3, 
Climatic  Deterioration  Prevention  Treatment, 
Electronic  Test  and  Communications 
Equipment. 

6-13.  You  should  be  particularly  concerned 
with  the  need  for  climatic  deterioration 
prevention  in  hot,  humid  areas.  Normally,  you 
will  not  be  required  to  do  this  type  of  work 
unless  you  are  performing  depot-level 
maintenance.  But  even  if  you  are  not  allowed  to 
perform  this  Job  in  your  unit,  you  should 
recognize  adequate  treatment  and  the  need  for 
additional  treatment.  Some  adverse  climatic 
conditions  and  their  effects  are  listed  in  the 
following  paragraphs. 

6-14.  Relative  humidity.  This  is  a  term 
describing  the  relative  amount  of  water  vapor 
in  the  air^  It  is  usually  expressed  as  a  percentage 
of  the  total  amount  of  water  the  air  can  hold  at 
a  given  temperature.  Thus,  SO  percent  means 
the  air  contains  one-half  the  total  water  it  can 
hold,  and  100  percent  means  it  contains  all  it  is 
capable  of  holding.  Air  can  hold  more  water  as 
its  temperature  increases.  In  tropical  areas  the 
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relative  humidity  varies  between  60  and  100 
percent.  This  high  humidity  accounts  toi  :he 
condensation  of  moisture,  or  sweating,  on 
various  parts  o\  radio  and  radar  equipments 
when  they  undergo  temperature  changes. 
Condensed  moisture  on  insulating  materials 
reduces  their  insulating  qualities  and  r<^sults  in 
arc-over  and  shorts  between  terminals.  The 
water  vapor  may  also  be  absorbed  by  the 
insulation.  The  treatment  described  later  slows 
down  the  absorption  of  moisture  and  keeps 
condensation  away  from  the  terminals.  High 
humidity  also  causes  corrosion  of  metais.  Other 
sources  of  moisture  include  fog,  salt  spray,  and 
rain,  which  cause  similar  deterioration  of 
insulation. 

6-15.  Tvinpvraturc,  In  general,  equipment 
may  encounter  extreme  temperatures,  ranging 
from  -65''  F.  to  a  maximum  of  135°  F.,  under 
various  conditions  of  high  humidity,  fog,  rain, 
salt  spray,  suit  air,  cold,  insects,  fungi,  dust,  cic, 

6-I6.  Variations  of  temperature  cause 
moisture  to  be  breathed  through  any  small 
cracks,  pinholes,  or  vents  in  the  equipment.  .As 
the  temperature  rises,  the  air  inside  a  piece  of 
equipment  expands  and  is  expelled,  in  part, 
through  the  openings  and  vents.  When  the 
temperature  falls,  the  air  inside  the  equipment 
contracts,  and  outside  air  is  admitted  through 
ali  openings  and  vents.  The  moisture  which  is 
breathed  into  the  equipment  destroys  the 
insulating  qualities  of  dielectrics  and  corrodes 
the  metal.  Keeping  the  filaments  turned  on 
helps  keep  equipment  dry.  This  method, 
however,  depends  on  local  policy  and 
conditions. 

6-1  !\  Funffus.  This  is  a  form  of  plant  life  that 
feeds  on  materials  of  vegatable  and  animal 
origin,  including  paper,  cotton,  and  such  things 
as  dead  insects  and  other  fungi.  It  may  be* 
spread  by  wind.  dust.  dirt,  and  insects  such  as 
ants,  flies,  and  mites.  Growth  may  take  place  on 
materials  other  than  those  of  organic  origin  if  a 
spot  of  dust  or  other  nutrient  substance  is 
present.  Fungi  thrive  in  high  humidities  and 
temperatures.  Fungus  growth  causes  decay, 
accelerates  the  deterioration  of  insulating 
materials,  and  short-circuits  items  such  as 
relays,  jacks,  and  keys.  A  fungicidal  compound 
in  the  coating  material  used  in  climatic 
deterioration  treatment  retards  the  growth  of 
this  fungus. 

6-18.  Some  of  the  effects  of  moisture  and 
fungi  are  contained  in  the  following  list.  Be 
familiar  with  the  effects  of  moisture  and  fungi 
on  materials  and  parts.  Read  and  study  this  list 
c/ircfully. 

•  Moisture  causes  swelling  that  may  move 
the  supports  out  of  alignment,  resulting  in 
binding  of  parts. 


•  Moisture  provides  elecincal  lcjii;age 
piths,  causing  flashover  iind  cfossialk. 

«    Fungus  growth  reduces  resistance  between 
parts  mounted  on  plastic  to  an  e.xtent 
where  the  item  is  useless.- 
'  •    Rotting   caused    by    moisture  destroys^ 
tanning  and  protective  nuiierials. 

•  High  temperature  and  moisture  vapor 
cause  rapid  corrosion. 

•  Different  metals  having  different 
potentials  cause  electrolysis  when 
moisture  is  present. 

6-19.  Climatic  Delcriuratron  Treatment. 
There  is  a  preventive  treatment  which,  if 
properly  applied  to  electronic  equipment, 
provides  a  reasonable  degree  of  protection.  It 
guards  against  fungus  growth,  moisture, 
corrosion,  salt  spray,  insects,  cold,  desert  heal, 
etc.  The  treatment  consists  of  using  an 
approved  lacquer  or  varnish  coating  applied 
with  a  spray  gun  and/or  brush.  A  brief 
description  of  the  procedure  in  the  proper 
sequence  is  as  follows: 

•  Make  all  repairs  and  adjustments 
necessary  for  the  proper  operation  of  the 
equipment. 

«  Disassemble  the  equipment  and  strip  it  as 
far  as  necessary  to  reach  inaccessible 
points. 

•  Clean  all  parts  thoroughly  of  din,  dust, 
rust,  and  fungi.  Cover  parts  such  as  air 
capacitors,  relay  contacts,  and  open 
switches  with  masking  tape. 

•  Dry  equipment  thoroughly  to  dispel 
moisture  that  the  circuit  elements  have 
absorbed. 

•  Spray  all  circuit  elements  with  two  or 
three  coats  of  protective  compound. 

•  Allow  equipment  to  dry;  it  must  not 
remain  tacky. 

•  Remove  masking  tape  and  touch  up  with  a 
brush  all  points  missed  by  the  spray. 

•  Reassemble  the  equipment. 

•  Retest,  readjust.  and  realign  the 
equipment;  mark  all  sets  with  MFP 
(moisture  fungi-proofed)  to  show  that 
thcv  have  been  treated. 


7«  Corrective  Maintenance 

7- 1 .  C(>rreci'ive  mainienance  is  defined  as 
"returning  equipment  lo  operational  jitatus  or 
serviceability.**  Obviously,  this  return  to 
operational  status  first  require.«i  locating  and 
repairing  the  trouble  in  the  equipment.  Since 
location  of  troubles  is  commonly  referred  to  as 
"troubleshooting.''  Ci)rrective  maintenance  can 
be  more  completely  d  e  1 1  n  e  d  as 
*'trouhleshooiing  and  repairing  electronic 
equipment"   Corrective  maintenance 
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procedures  are  outlined  in  the  appropriate 
equipment  manuals.  A  more  detailed  discussion 
of  testing  principles  appears  in  the  TO 
31  — I  — 14!  series,  Basic  Electronics 
Technology  and  Testing  Practices. 

7-2.  Because  your  career  field  includes  a 
large  number  and  variety  of  equipments,  we 
shall  not  discuss  how  to  apply  corrective 
maintenance  to  specific  equipment.  Instead,  we 
shall  discuss  generally  the  principles  of 
corrective  maintenance.  You  must  know 
something  about  basic  measurements,  the 
availability  of  troubleshooting  data, 
troubleshooting,  repair,  alignment,  and 
performance  testing. 

7-3.  Basic  Measurements.  In  order  to 
perform  checks  (performance  tests)  and 
troubleshooting,  the  repairman  must  be 
thoroughly  familiar  with  the  principles  and  use 
of  test  equipment.  You  must  apply  all  the  basic 
measurement  principles  required  in  doing 
corrective  maintenance.  You  must  be  able  to 
measure  voltage,  current,  resistance, 
waveshapes,  frequency,  power,  modulation, 
standing-wave  ratio,  and  field  intensity,  and  to 
test  electron  tubes.  Checklists  for  minimum 
performance  standards,  contained  in  technical 
manuals,  prescribe  the  required  standard  to  be 
followed.  These  tests  are  an  inherent  part  of 
troubleshooting  and  should  be  used  whenever 
possible. 

7-4.  In  corrective  maintenance,  you 
troubleshoot  in  order  to  locate  the  defective 
system,  component  chassis,  circuit,  and,  finally, 
the  defective  part.  After  replacement  or  repair, 
you  must  test  the  unit  (or  the  system),  and  apply 
the  performance-testing  criteria.  Therefore,  it  is 
imperative  for  you,  the  repairman,  to  learn  how 
to  make  all  the  different  measurements.  The 
order  in  which  the  basic  measurements  are 
given  is  not  a  specific  order  of  preference.  Any 
measurement  can  be  a  first  step,  depending 
upon  your  ability  to  azalyze  the  existing 
probJems  and  then  to  correct  them. 

7-5.  Voltage  and  current  measurements.  In  a 
properly  operating  electronic  circuit,  the  values 
of  voltage  and  current  in  the  circuit  fall  within 
certain  specific  limits.  Hence,  a  voltage  or 
current  measurement  can  given  us  an  excellent 
clue  as  to  the  cause  of  a  malfunction. 

7-6.  Point-to-point  voltage  measurements, 
compared  with  available  voltage  charts,  help  us 
to  locate  troubles  quickly  and  easily.  The 
repairman  should  keep  in  mind  th^:,  in  certain 
cases,  a  voltmeter  (particularly  one  of  low 
sensitivity  used  on  a  low  range)  may  distrub 
some  circuits  to  such  a  degree  as  to  render  them 
inoperative.  As  a  rule,  current  measurements 
are  not  otten  taken  in  the  course  of  testing. 


unless  the  ammeter  is  an  integral  part  of  the 
equipment  under  test. 

7-7.  Resistance  measurements.  Because 
resistance  measurements  are  valuable  when  you 
are  locating  trouble,  many  maintenance 
manuals  contain  point-to-point  resistance 
charts  that  are  referenced  to  points  in  the 
equipment.  Without  these  charts  our  resistance 
measurements  in  a  complicated  circuit  are  slow 
process.  Sometimes  we  must  unsolder  one  side 
of  a  particular  resistor  in  order  to  prevent 
erroneous  readings.  Two  precautions  to  be 
taken  when  an  ohmmeter  is  used  are:  (1)  the 
circuit  under  test  must  have  all  power  removed, 
and  (2)  any  meters,  tubes,  or  tansistors  that  may 
be  damaged  by  the  ohmmeter  must  be  removed 
before  any  measurement  is  undertaken. 

7-8.  Waveform  measurements.  Waveform 
measurements  are  very  important,  and  are 
applicable  to  all  electronic  devices.  It  is 
necessary  that  you  know  the  waveforms 
associated  with  a  circuit.  After  Observing  these 
on  an  oscilloscope,  you  can  determine  whether 
the  circuits  are  operating  normally.  You  must 
remember,  however,  that  all  oscilloscopes  have 
certain  limitations.  You  must  know  these 
limitations  before  you  can  properly  evaluate 
the  waveshapes. 

7-9.  Frequency  measurements.  It  is  very 
important  that  receivers  and  transmitters  be 
accurately  set  to  their  assigned  frequencies. 
Setting  a  transmitter  or  receiver  to  a  specific 
frequency  is  generally  done  with  a  frequency- 
measuring  device.  There  are  several  types  of 
frequency  meters,  some  more  accurate  than 
others.  Quick  frequency  checks  are  generally 
make  with  a  simple  resonant-circuit  wavemeter. 
We  will  discuss  frequency  meters  in  more  detail 
in  Chapter  S  of  this  volume.  Since  the 
wavemeter  is  very  sensitive,  it  is  very  useful  in 
determining  the  fundmental  frequency  in  a 
circuit  having  multiple  harmonics. 

7-10.  In  the  UHF  band,  the  extremely  small 
values  of  capacitance  and  inductance  required 
for  resonance  make  it  necessary  to  use  either  a 
resonant-cavity  or  a  resonant  coaxial-line  type 
of  wavemeter.  Since  both  the  resonant-cavity 
and  the  resonant  coaxial-line  type  wavemeter 
absorb  less  energy  from  the  circuit  under  test, 
these  wavemeters  are  more  accurate  than  either 
the  reaction  or  theathe  absorption  types.  If 
either  is  calibrated  against  a  primary  frequency 
standard,  you  may  use  it  as  a  secondary 
frequency  standard. 

7-11.  Another  method  of  measuring  ultra- 
high frequencies  makes  use  of  a  Lecher  line.  A 
meter  indicates  the  peaks  (or  nulls)  of  a 
standing  wave  that  appears  on  a  folded  wire  or 
bar  (Lecher  line)  that  is  resonated  to  that 
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particular  frequency.  The  disiance  between  the 
peaks  (or  nulls)  is  measured,  and  the 
wavele  ngth  is  calculated. 

7-12.  Power  measurements; ,  The 
measurement  of  DC  power  anJ  low-irequcnc> 
AC  power  presents  little  or  no  problem  to  the 
electronic  repairman.  But,  as  frequency 
increases,  you  need  a  variety  of  power- 
measuring  instruments  and  a  knowledge  of 
their  operation  and  application. 

7-13.  In  the  course  of  routine  maintenance, 
power-level  and  power-output  measurements  in 
the  audio-frequency  range  have  to  be  made. 
These  measurements  are  generally  expressed  in 
decibels  (power  ratios).  The  decibel  indicates 
the  power  in  a  circuit  with  respect  to  zero  or  to 
a  standard  reference  level.  The  power  output  of 
a  transmitter  is  generally  measured  with  a 
thermocouple  ammeter  in  conjunction  with  a 
dummy  load.  Absolute  power  is  not  measured 
often,  since  routine  operating  indications 
provide  enough  information  about  transmitter 
performance.  In  the  UHF  portions  of  the 
spectrum,  power  is  measured  with  a  meter 
employing  a  tcmperture-sensitive-  element  or 
bolometer. 

7-14.  Moduiatiort  measurements.  When 
intelligence  is  superimposed  on  an  RF  carrier, 
a  phenomenon  known  as  modulation  takes 
place.  RF  may  be  modulated  in  amplitude, 
frequency,  or  phase.  Each  method  of 
modulation  has  certain  advantages  over  the 
others.  However,  at  this  point  we  are  concerned 
with  measuring  the  degree  of  modulation. 

7-1 S.  The  transmitter  carrier  is  adjusted  so 
that  efficient  modulation  takes  place.  When  the 
percent  of  modulation  is  low,  the  transmitter 
isfficiency  is  not  fully  utilized;  when  it  is  high 
(in  excess  of  100  percent),  serious  distortion 
results.  Precise  amplitude -modulation 
measurements  are  made  with  an  oscilloscope. 
They  may  show  the  actual  modulation  envelope 
or  a  trapezoidal  pattern,  depending  on  the 
method  of  connecting  the  oscilloscope  to  the 
transmitter  under  test. 

7-16.  Standing-wave  ratio  measurements.  As 
you  recall,  these  measurements  are  useful  for 
the  purpose  of  repair,  preventive  maintenance, 
checking,  and  making  adjustments  to 
transmitters.  A  transmission  line  that  is  not 
terminated  in  its  characteristic  impedance  has 
standing  waves  of  voltage  and  current  along  its 
length.  These  are  caused  by  reflections 
occurring  at  the  end  of  the  line.  The  reflected 
wave  varies  continuously  in  phase  in  much  the 
same  way  that  the  incident  wave  varies.  At 
points  a  half-wavelength  apart,  the  voltage  .is 
maximum.  At  points  one-quarter  of  a 
wavelength  from  each  voltage  maximum,  there 


is  a  voltage  minimum.  The  ratio  of  the 
maximum  to  minimum  voltage  is  known  as  the 
voltage  standing-wave  ratio  (VSWR),  or 
frequently,  the  standing-wave  ratio  (SWR).  A 
I;^gh  SWR  indicates  a  poor  impedance  match 
which  results  in  a  loss  of  power  in  the  line,  and 
a  low  SWR  indicates  a  good  match  with  low 
loss  in  the  line.  An  SWR  of  1:1  is  perfect  and  is 
seldom  obtained. 

7-17.  Field  intensity  measurements.  The 
magnitude  of  a  radio  wave  at  a  given  point  is 
known  as  the  field  intensity  or  field  strength  of 
that  wave;  it  is  usually  measured  in  millivolts  or 
microvolts  per  meter.  The  field  strength  of  a 
radio  wave  is  determined  by  measuring  the  RF 
voltage  induced  into  a  receiving  antenna. 

7-18.  Several  types  of  test  equipment  for 
measuring  field  strength  (known  as  ratio  test 
sets  and  field  strength  meters)  are  available  for 
each  frequency  range.  They  make  it  possible  to 
measure  either  the  relative  or  the  absolute 
magnitude  of  field  intensity  produced  by  an 
excited  transmitter  antenna.  They  also  enable 
us  to  determine  the  efficiency  and  the 
directivity  characteristics  of  the  antenna.  These 
measurements  are  useful  when  we  are  (I) 
selecting  transmitter  antenna  sites.  (2)  making 
surveys  of  field  intensities,  and  (3)  locating 
sources  of  radio-frequency  interference. 

7-19.  The  measurement  of  relative  field 
strength  can  be  made  with  rather  simple  test 
equipment;  sometimes  a  grid-dip  meter  will 
suffice.  Other  test  equipment  circuits  use  a 
pickup  antenna,  a  diode  (or  crystal),  and  a 
microammeter.  With  this  type  of  equipment,  the 
meter  reading  indicates  the  relative  strength  of 
the  field  acting  on  the  pickup  antenna;  it  is  not 
directly  proportional  to  the  field  intensity 
(because  of  the  nonlinearity  of  the  crystal). 

7-20.  Troublesihooting  Data,  When 
troubleshooting,  you  must  use  all  available 
resources — such  as  specific  data  on  your 
equipment  (this  data  is  found  in  TMs). 
measurement  techniques,  and  personal 
experience  of  fellow  workers.  The  technical 
manual  for  a  particular  unit  or  set  contains  a 
detailed  explanation  of  the  theory  of  operation 
of  each  circuit  in  the  unit,  block  diagrams, 
practical  wiring  diagrams,  and  schematic 
drawings  of  each  circuit.  It  shows  the  locations 
of  test  points  and  the  readings  (voltage  and 
resistance)  or  waveshapes  that  should  he 
present.  The  TM  also  contains  troubleshooting 
analysis  charts,  alignment,  and  minimum 
performance  checks. 

7-21.  Diagram.\,  The  block  diagrams  show 
the  mechanical  and  the  electrical 
interrelationships  between  the  stages  in  the 
systems.  You  must  become  thoroughly  familiar 


3 


3 


ERIC 


2ft 


40 


Figure  iS  Vacuum  tube.  plug,  and  connector  numbering  system. 


with    block   diagram   analysis    in   order  to 
properly  apply  troubleshooting  principles. 

7-22,  Schematic  diagrams  include  all 
components  and  show  all  the  connections 
(power,  input,  and  output)  to  other  units.  They 
are  shown  in  boldface  type  in  the  list  of 
illustrations  of  TMs  so  that  they  can  be  located 
rapidly.  These  diagrams  will  greatly  aid  you  in 
locating  faulty  components. 

7-23,  Socket  and  connector  data.  Viewed 
from  the  bottom,  pin  connections  on  tubes  and 
tube  sockets  are  numbered  in  a  clockwise 
direction,  as  viewed  in  figure  15.  If  viewed 
from  the  top.  they  are  numbered  in  the 
counterclockwise  direction.  For  example,  on 
octal  sockets  the  first  pin  clockwise  from  the 
keyway  is  pin  I.  Pin  numbers  appear  both  on 
the  schematic  and  the  wiring  diagrams  so  that 
any  tube  element  can  be  readily  located.  Figure 
15  also  shows  an  example  of  a  tube  and  its 
socket,  which  are  counted  from  right  to  left  of 
(he  red  dot. 

7-24.  Figure  15  is  an  example  of  a  typical 
plug  connector.  Generally,  plug  connectors  are 
numbered  on  the  side  to  which  the  associated 
connector  is  attached.  To  avoid  confusion, 
some  individual  pins  are  identified  by  letters 
which  appear  directly  on  the  connector. 

7-25.  The  voltage  and  resistance  charts 
contained  m  the  equipment  technical  orders 
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show  the  normal  voltage  and  resistance  values 

at  the  pins  of  the  connectors  and  tube  sockets. 

Figure    16   is  a   typical   chart  showing  the 

measurement  values  at  each  connection.  When 

taking  meter  readings,  you  must  comply  with 

all  information  contained  under  "NOTES.*' 

• 

7-26.  Component  illustrations.  In  the 
process  of  troubleshooting,  it  is  sometimes 
difficult  to  locate  components.  Front,  top,  and 
bottom  views  aid  us  in  locating  and  identifying 
parts.  The  illustrated  parts  breakdown 
contained  in  technical  orders  presents  a 
pictorial  view  of  all  components  in  the  unit.  An 
example  of  a  pictorial  illustration  is  shown  in 
figure  17.  The  information  contained  therein  is 
required  when  ordering  parts.  Pin  connections 
at  tube  sockets,  plugs*  and  receptacles  are 
numbered  or  lettered  on  the  various  diagrams. 

7-27,  Troubleshooting.  A  communications- 
electronics  equipment  repairman  is  like  a 
detective.  He  must  find  out  whether  or  not  a 
piece  of  equipment  is  working  properly.  And  if 
not,  why  not.  When  you  run  through  a 
performance  test,  you  are  looking  for  clues  to 
tell  you  how  the  equipment  is  operating.  If  you 
discover  that  the  operation  of  the  equipment  is 
not  up  to  the  standards,  or  if  trouble  has  been 
reported,  you  must  continue  your  detective 
work.  Troubleshooting  is  a  process  of 
eli  Tiination.  There  are  indications  that  give 
definite  clues  as  to  where  the  trouble  may  be. 


4i 


ISO 

GO 

 > 

J  ia 

^  CD 

3^  17 

H  1 

.  i.m 

\  0 

150  : 

0 

CO 

^1£C  

710 

CD  ^ 

4  3  AC  / 

< — ^ 

0  I 

A  0 

.11  ^ 

/'  ' 

IWX 

0 

e  J 

0 

GO 

XV.IXM 

xv.i30i 

NOTES 

UALL  VOLTAGES  AND  ftESlSTANCE  READINGS  MEA&URED 
TO  GtOUND  UNLESS  SPECIFIED  OTHEftWISE 

2-SUiASSeMiLT  IS  ftEMOVED  FIIOmmAIN  CHASSIS  VHEN 
MAKING  tESISTANCE  MEASUftEMENT 

>-tesisTANce  IS  shown  in  ohms  unless  MAKKED  **K*' 

FOff  KILOMMS  OH  '*M'*  FD0  MEGOHMS 

4-ALL  VOCTAGES  AftE  D  C  POSITIVE  MEASURED  WITH  A 
SIMPSON  MOOEL  2iOMUL  TIME  TEH  UNLESS  INDICATED 
OTME*WIS£. 


S-*lNDtCATES.A  VACUUM  TUiE  VOLTMETEII 

USED. 

SUNLESS OTHEIIVISE  STATED,  ALL  M6ASUIIEMENTS  AtE 
TAKEN  WITH  ALL  CONTIICCS  IN  MAXIMUM  CLOCKWISE 
POSITION 


7-"C"  -  TUBE  CONDUCTING 
**NC'*  -  lUiE  NOT  CONDUCTING. 

l-ftEStSTANCE  VALUES  AftC  $HO«N  iELO«  THE  LINE. 
VOLTAGES  AiOVE  THE  LiNfc 


Figure  16.  Voltage  and  resistance  measurements. 


Begin  by  eliminating  as  many  components  or 
circuits  as  your  observations  have  shown  to  be 
operating  properly.  Some  parts  can  be 
eliminated  by  the  symptoms  alone«  while 
elimination  of  others  may  call  for  the  use  of  test 
equipment.  Regardless  of  the  methods  used« 
every  part  eliminated  brings  you  closer  to  the 
source  of  the  trouble. 
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7*28.  You  will  find  troubleshooting  analysis 
charts  in  your  equipment  technical  manuals. 
These  cover  the  malfunctions  that  have  been 
found  to  occur  over  and  over  again  in  that 
equipment.  In  addition  to  these  common 
troubles  that  have  been  covered  in  the 
troubleshooting  charts,  you  will  find  many 
troubles  peculiar  to  the  specific  set  (or  system) 
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on  which  you  are  working.  The  unusual 
problems  force  you  lo  use  your  information 
resources  and  your  experience  to  solve  them. 
Every  malfunction  requires  a  thorough  analysis 
as  a  part  of  the  troubleshooting  procedure.  This 
is  a  challenge  you  must  be  prepared  to  accept; 
only  on  your  own  initiative  can  you  succeed. 
We  have  described  some  of  the  resources  you 
can  use  in  your  analysis,  in  addition  to  using 
these  resources,  you  must  know  how  to  use  the 
test  equipment. 


7-29.  You  must  be  able  lo  recognize  any 
symptoms  of  troubles  (detected  through  routine 
checks  or  as  reported).  Failure  to  do  so  may 
result  in  the  loss  of  many  man-hours.  Without 
intensive  observation  of  equipment,  the  first  in- 
dications of  trouble  may  be  overlooked.  Many 
troubles  can  be  spotted  through  indicator 
presentations,  equipment  meter  readings,  and- 
performance  reports.  Some  troubles  such  as  low 
receiver  sensitivity,  however,  are  not  readily  ap- 
parent and  must  be  detected  by  periodic  per- 
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Figure  17  Componcni  illustration. 
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formance  checks.  To  minimize  downtime 
(inoperative  period),  you  must  develop  a  system 
of  troubleshooting.  This  should  include 
examination  of  all  available  equipment  records, 
evaluation  of  operators  comments,  and 
performance  of  operational  checks  when 
possible. 

7-30.  Locating  the  trouble  is  usually  the 
mt)St  difficult  step  in  corrective  maintenance 
and  is  therefore  the  one  to  which  we  give  the 
most  emphasis.  A  mechanic's  troubleshooting 
technique  is  based  on  his  knowledge  of  the 
operational  standards  and  diagrams  of  the 
equipment.  So,  as  part  of  the  technique,  you 
must  be  able  to  read  and  understand  technical 
literature,  such  as  cabling  charts,  schematics, 
block  diagrams,  and  voltage  and  resistance 
charts. 

7*31.  The  troubleshooting  chart,  shown  in 
figure  18.  illustrates  the  proper  troubleshooting 
principles.  This  chart  will  help  you  develop  a 
systematic  method  of  troubleshooting.  First,  by 
observation  and  by  makirrg  performance 
checks,  you  eliminate  all  the  subsystems  which 
arc  functioning  properly.  Next,  by  further 
analysis,  isolate  the  trouble  to  a  subsystem. 
Then  trace  or  isolate  the  trouble  to  a  circuit, 
and  from  there  to  a  specific  part  or  parts.  This 
is  done  through  further  analysis,  visual  in- 
spections, tube  testing,  waveshape  and  voltage 
measurements,  and  finally,  resistance 
measurements.  Some  of  the  necessary  literature 
and  test  equipment  required  are  shown  in  the 
chart. 

7-32.  Figure  18  shows  that  the  first  step  of 
troubleshooting  is  trouble  detection  and 
isolation  to  u  subsystem.  To  do  this,  you  must 
understand  the  performance  standards,  know 
how  the  equipment  is  operating,  and  be  able  to 
recognize  symptoms. 

7>33.  Having  located  the  trouble  in  a  par- 
ticular subsystem,  you  are  now  ready  to  isolate 
the  trouble  within  that  portion  of  the  equip- 
ment. The  subsystem  may  consist  of  many  units 
or  components.  In  the  next  step  (block  2  of  fig. 
18).  you  localize  the  trouble  to  a  major 
subgroup  or  unit. 


7-34.  Isolation  of  the  specific  circuit  begins 
after  you  have  localized  the  trouble  to  a  unit.  A 
common  technique  of  isolating  the  trouble  is 
the  half-split  method.  You  can  apply  this 
technique  to  almost  any  situation.  The  object  is 
to  isolate  the  defective  stage  as  rapidly  as 
possible.  We  will  use  the  block  diagram  of  an 
electronic  system  in  figure  19  to  illustrate  this 
practice. 

7-3S.  Stage  1  is  the  signal  source,  and  the 
output  is  taken  from  stage  8.  If  the  indicated 
trouble  is  no  signal  output,  the  first  point  to- 
check  would  be  point  D.  This  checkpoint  is 
located  at  the  center  of  the  chain.  If  the  signal 
is  present  in  the  output  when  the  appropriate 
signal  is  injected  at  po'itw  D,  stages  5  through  8 
are  therefore  eliminated.  The  second  check- 
point is  B.  This  usually  divides  the  remaining 
section.  If  nd  signal  is  in  the  output  when  the 
signal  is  injected  at  this  point,  the  trouble  is 
isolated  to  stage  3  or  4.  When  the  trouble  has 
been  isolated  to  one  stage,  check  the  com- 
ponents there,  using  the  schematic  diagrams. 
Had  there  been  no  output  when  the  proper 
signal  was  injected  at  point  D,  the  trouble 
would  have  been  somewhere  between  stage  S 
and  the  output. 

7-36.  An  oscilloscope,  multimeter,  or  signal 
substitution  is  generally  used  to  isolate  the 
trouble  to  one  stage.  If  a  tube  is  involved,  it  is 
usually  checked  first,  or  a  tube  known  to  be 
good  is  substituted  in  its  place.  If  the  tube 
proves  to  be  good,  additional  checks  are  made, 
using  an  oscilloscope  or  voltohmmeter. 

7-37.  To  aid  in  these  final  checks,  technical 
manual  references  should  be  used.  In  some 
cases  a  schematic  is  all  that  is  necessary;  in 
others,  voltage  charts,  resistance  chart,  or 
waveforms  may  be  needed.  However,  there  is 
no  substitute  for  good,  logical  thinking.  The 
important  things  to  remember  are: 

•  Use  your  block  diagram. 

•  Narrow  the  trouble  down  as  far  as 
possible  with  indications  from  the  equip- 
ment itself.  ^ 

•  Look  for  the  most  common  troubles  (bad 
tubes)  first. 
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Figure  19.  Typical  half  splii  method  ot  troubleshooting. 
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•  In  most  cases,  check  voltages  or 
waveshapes  before  measuring  resistiutce. 

•  Most  important,  think  it  out  and  aaaiy^e 
the  symptoms  carefully  before  removing 
components.  A  little  effort  in  this  direc* 
tion  can  save  a  lot  of  time  and  labor.  - 

•  Check  your  records.  Do  not  overlook  the 
importance  of  your  fellow  worker's 
previous  experience.  This  same  trouble 
could  have  happened  to  him. 

7-38.  General  Repair.  Since  each  repair  is 
an  individual  probleni  and  differs  from  the 
previous  one  in  some  respect,  it  is  almost  im- 
possible to  set  up  a  routine  or  a  production-line 
technique  and  adhere  to  it.  There  are  certain 
principles,  however,  that  should  be  followed  in 
all  cases  if  you  are  to  complete  the  repair  with 
the  least  amount  of  time  and  expenditure  of 
parts.  Let's  discuss  two  of  the  principles  that 
apply  to  general  repair. 

7-39.  Look  phase.  When  a  piece  of  equip- 
ment needs  repair,  clean  it  first.  Remove  all 
foreign  matter  and  dry  the  equipment 
thoroughly.  By  reviewing  the.  section  on 
preventive  maintenance  in  this  chapter,  you 
will  become  more  familiar  with  the  methods  of 
cleaning  electronic  equipment. 

7-40.  Since  operating  symptoms  usually  in- 
dicate the  source  of  trouble,  understanding 
them  shortens  your  work  in  repairing  the  equip- 
ment. Such  symptoms  should  be  described  on 
the  AFTO  Form  349  or  350,  which  is  placed  on 
the  equipment  by  the  repairman.  These  forms 
will  be  discussed  in  the  next  section  of  this 
manual. 

7-41.  Before  you  start  the  actual  repair,  give 
the  equipment  a  thorough  visual  check  and 
replace  all  of  the  damaged  parts.  This  will  sim- 
plify your  work.  If  this  is  a  piece,  of  equipment 
that  you  know  well,  you  may  easily  spot  defects 
during  the  visual  check. 

7-42.  Replacement  of  parts.  A  replacement 
part  should  occupy  the  same  position  as  did  the 
original,  and  should  be  an  exact  duplicate  of 
the  old  part.  When  a  part  is  to  be  replaced,  it  is 
necessary  to  check  the  reference  symbol  in  the 
schematic  and  the  illustrated  parts  breakdown 
technical  manual.  The  illustrated  parts  break- 
down technical  manual  contains  information 
you  need  to  order  the  parts. 

7-43.  When  an  exact  replacement  is  not 
available,  however,  use  a  part  which  is  in  ac- 
cordance with  the  description  of  the  original  in 
the  maintenance  parts  list  or  the  appropriate 
stock  catalog.  Even  though  a  part  may  have  the 
same  electrical  value  as  the  original,  if  it  differs 
in  physical  size,  it  may  cause  trouble  in  high- 
frequency  circuits. 


7-44.  In  replacing  parts,  use  the  same  ground 
point  'ds  did  the  original  wiring.  Ucfore  un- 
soldering a  part,  note  the  position  of  the  leads, 
if  the  part  (such  as  a  transformer)  is  to  be 
removed,  tag  each  of  the  leads.  In  addition,  you 
should  draw  a  simple  circuit  diagram  before 
you  remove  any  parts.  Be  careful  not  to  damage 
other  leads  or  components  by  pulling,  pushing, 
or  burning  them. 

7-45.  Circuit  Alignment.  It  should  be  clear 
that  it  is  impossible  (or  very  impractical)  to 
manufacture  electronic  components  with  no 
variations  at  all  in  the  values.  And,  of  course, 
you  also  understand  that  aging  of  parts, 
climatic  conditions,  vibrations,  etc.,  may  cause 
the  values  of  components  to  change.  Because  of 
this,  variable  components  are  provided  in  some 
tuned  circuits  that  require  circuit  alignment. 
Thus,  by  a  slight  retuning  or  adjustment  from 
time  to  time,  the  optin>.um  performance 
specified  in  the  maintenance  manuals  or  by  the 
manufacturer  may  be  attained. 

7-46.  Reduced  sensitivity  or  reduced  output 
may  indicate  a  need  for  alignment;  however, 
alignment  should  not  be  undertaken  until  the 
equipment  has  otherwise  been  checked  out. 
Every  piece  of  equipment  that  is  operating 
poorly  requires  maintenance,  but  it  does  not 
follow  that  every  piece  of  equipment  that  needs 
maintenance  also  needs  alignment.  However, 
repairs  that  require  the  replacement  of  com- 
ponents  or  the  redressing  of  wiring  may  make 
subsequent  alignment  necessary.  Therefore,  you 
should  not  attempt  alignment  until  all  troubles 
have  been  cleared  and  all  defective  parts 
replaced.  It  cannot  be  stressed  too  highly  that 
before  alignment  is  attempted,  all  available  in- 
structional or  maintenance  literature  should  be 
carefully  consulted. 

7-47.  Performance  Testing.  A  performance 
test  is  a  check  made  to  determine  the  condition 
or  the  operating  efficiency  of  the  equipment. 
The  first  checks  are  performed  when  the  equip- 
ment is  initially  installed.  Such  checks  will  con- 
tinue to  be  performed  periodically  (at  the 
beginning  of  each  shift,  for  example),  at  the 
conclusion  of  either  preventive  or  corrective 
maintenance,  and  at  any  other  time  there  is 
reason  to  believe  the  equipment  is  operating 
below  accepted  standards.  At  these  times  it  is 
necessary  that  you  check  the  equipment  against 
the  indicated  performance  standards  in  the 
technical  manual,  using  the  proper  test  equip- 
ment. While  these  checks  do  reveal  improper  or 
defective  operating  circuitry,  in  many  cases  a 
simple  adjustment  will  correct  the  malfunction. 
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8.  Repsiir  of  Primed  Circuits  and 
Tran^iis^lor  RepUccmcnl 

8-1.  The  printed  circuit  assembly  is  a  com- 
paratively recent  development  in  the  electronic 
field.  Printed  circuits  have  replaced  con- 
ventionally wired  circuits  in  practically  all  ap- 
plications. 

8-2.  Print  circuits  are  easy  to 
troubleshoot.  :»ince  all  leads  can  easily  be  seen 
and  the  circuit  components  are  readily  ac- 
cessible. Generally,  the  measurements  of  com- 
ponents can  be  made  from  the  component  side 
of  the  board. 

8-3.  This  section  deals  with  the  general 
repair  of  printed  circuits  and  not  with  specific 
equipment.  Before  you  begin  repair  of  printed 
circuity  in  specific  equipment,  read  the  ap- 
plicable technical  manuals.  The  quality  control 
directives  pertinent  to  a  particular  system  will 
also  govern  methods  of  repair  as  you  will  see  in 
the  next  section. 

8-4.  Typo  of  Printed  Circuit.  A  true  prin- 
ted circuit  is  a  pattern  comprising  printed 
wiring  and  printed  component  parts,  all  formed 
in  a  predetermined  pattern.  There  are  several 
types  of  printed  circuits,  some  of  which  are 
listed  below. 

•  Chemically  deposited.  Formed  by  the 
reaction  of  chemicals  in  an  applied  electrical 
field. 

•  Embossed  foil.  Formed  by  indenting  a 
metal  foil  into  an  insulating  base  and  removing 
the  unwanted  raised  portion. 

•  Etched.  Formed  by  chemical  or  chemical 
and  electrolytic  action,  and  removal  of  the  un- 
wanted conductive  material. 

These  printed  circuits  mentioned  are  only  a  few 
of  many.  We  shall  not  try  ta  explain  all  of  them. 

8-S.  Precautidn».  Printed-circuit  bases, 
made  from  fiberglass  laminates  or  some  other 
plastic  materials,  are  delicate  in  comparison  to 
metal  chassis  and  must  be  handled  accordingly. 
Some  precautions  are: 

•  ^e  careful  in  removing  and  installing 
printed-circuit  assemblies. 

•  Carefully  remove  separable  component 
parts.  Undue  flexing  may  break  the  con- 
ductive pattern. 

•  Avoid  excessive  deposits  of  solder  which 
may  cause  short  circuits. 

•  Use  the  least  amount  of  heat  possible  for 
conductor  repair. 

•  Always  use  a  heat  sink  for  removal  and 
replacement  of  components. 

•  Use  small  tools  and  handle  them 
properly"; 

8-6.  Circuit  Tracing.  Circuit  tracing  of  the 
printed-circuit  assembly  is  generally  simpler 


than  that  of  conventional  wiring,  because  of  the 
uniform  layout  of  the  conductors  in  a  printed- 
circuit  assembly.  Printed-circuit  assemblies 
have  the  path  of  the  conductive  pattern  painted 
opposite  the  component  side.  Here,  on  this  op- 
posite side,  the  component  is  marked  with  the 
schematic  symbol  to  aid  in  troubleshooting. 
The  latest  assemblies  have  test  points  with  the 
appropriate  voltage  readings  indicated^  Some 
bases  are  translucent,  and  a  60-watt  lamp 
placed  opposite  the  side  being  traced  will  help 
you  to  locate  connections. 

8-7.  Tube  socket  test  adapters  may  be  used 
to  measure  the  voltage  while  the  equipment  is 
in  operation.  The  adapters  let  you  get  to  each 
pin  socket  without  damaging  the  printed  circuit 
circuitry. 

8-8.  Resistance  or  continuity  measurements 
of  coils,  resistors,  and  capacitors  can  be  made 
from  the  component  side  of  the  assen\bly.  The 
voltage  measurements  can  be  made  on  either 
side  of  the  panel,  but  on  the  conductor  side,  a 
needlepoint  probe  should  be  used. 

8-9.  Removal  and  Replacement  of  Com- 
ponents. The  removal  and  replacement  of 
defective  components  on  a  printed-circuit 
board  is  not  difficult,  but  it  does  require  a  cer- 
tain amount  of  care  because  of  the  fragile  con- 
struction of  the  board.  Misuse  of  a  soldering 
iron  or  the  use  of  improper  handtools  can 
result  in  the  need  for  complete  replacement  of  a 
printed-circuit  component  repairs  involve  the 
removal  and  replacement  of  resistors  and 
capacitors. 

8-10.  How  components  are  mounted.  Com- 
ponents may  be  mounted  on  printed-circuit 
boards  in  the  following  ways.  Each  type  of 
mounting  may  require  slightly  different 
techniques  in  the  removal. 

•  The  component  lead  is  cold  formed  into  a 
tapered  pin  that  is  pressed  into  a  plated 
hole  and  soldered. 

•  A  tapered  wrap  is  swaged  to  the 
component  lead  and  then  inserted. 

•  The  bare  component  lead  is  passed 
through  an  eyelet  and  soldered. 

.  •   Cold  wire  wrap  secures  component  to  the 
terminal  pins. 

8-11.  Recommended  tools.  The  tools  used  to 
repair  metal  chassis  are  not  practical  in  the 
repair  of  printed  circuits.  Printed  circuits  are 
small  and  should  be  repaired  only  with  small 
tools.  Although  many  diversified  tools  might  be 
used  for  the  various  special  jobs,  here  is  a  list  of 
those  tools  most  frequently  used. 

•  Printed  circuit  board  repair  vise. 

•  Heat  sink. 

•  Long-nose  pliers. 

•  Soldering  aid  with  forked  end. 
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•  37-\vatt  soldering  iron  with  iron-clad  tip. 

•  Stiff  wire  brush. 

•  Diagonal  cutters. 

•  Cleaning  solvent. 

•  60/40  solder. 

•  Wiping  cloth. 

•  Solder  sucker  (coaxial-type  braid  soaked 
in  liquid  resin). 

8-12.  Troubleshooting  and  repair  aids. 
There  are  many  things  that  may  aid  you  in  the 
troubleshooting  and  repair  of  printed  circuits. 
The  most  important  **aid"  is  to  practice  good 
common  sense.  The  following  items  will  help 
you  in  the  repair  of  printed  circuits. 

•  Magnifying  glass.  Aids  in  locating  very 
small  breaks  in  the  conductors. 

•  Needlepoint  probe.  An  aid  in 
measurements,  since  the  varnish  coating 
on  the  circuit  must  be  broken  through  if 
you  are  to  make  proper  contact. 

•  Light.  Facilitates  circuit  tracing  if  the 
board  is  translucent. 

•  Silicone  resin  varnish.  Repaired  areas 
should  be  cleaned  and  then  recoated  with 
silicone  resin  varnish  for  protection 
against  shorts. 

8-13.  Service  terminal  component 
replacement.  Replacement  of  resistors  and 
capacitors  may  be  done  in  either  of  two  ways. 
The  faulty  component  can  be  cut  away  from  the 
board  and  the  leads  remaining  on  the  board  can 
be  reshaped  for  use  as  soldering  terminals  for 
the  new  component.  In  the  second  method  the 
defective  component  and  its  leads  are  com- 
pletely removed  from  the  board  and  the  new 
component,  soldered  into  its  place  on  the 
board.  The  first  method  is  more  commonly 
used  because  it  is  easier  to  do  under  normal 
maintenance  conditions  and  offers  less  chance 
of  heat  damage. 

8-14.  The  steps  in  repairing  printed  circuits 
in  this  manner  are  listed  below  and  shown  in 
figure  20. 
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Figure  20,  Service  termtnai  method. 


•  Remove  the  defective  component  by  clip- 
ping ihe  lead  3/16  of  an  inch  from  rtie  top  of 
the  terminal  wrap. 

•  Straighten  the  pnds  of  the  clipped  leads. 
«   Clean  each  lead. 

•  Slide  the  service  terminal  lug  (as  shown  in 
fig.  20,  detail  A)  over  the  clipped  lead.  Tne  lip 
of  the  clipped  lead  must  be  flush  with  the  top  of 
the  service  terminal.  Clip  off  any  excess  lead 
material  and  crimp  (squeeze)  the  service 
terminal  lug  to  the  clipped  lead. 

•  Cut  the  new  component  leads  to  length  so 
that  the  tip  of  the  lead  is  at  least  flush  with  the 
service  terminal  lug  to  be  crimped,  as  indicated 
in  figure  20,  detail  B. 

•  If  the  component  is  a  solid-state  device  or 
precision  resistor,  a  heal  sink,  similar  to  the 
one  shown  in  figure  21,  must  be  used. 

•  Solder  the  service  terminal  lug  with  a 
suitable  well-tinned  iron  and  a  minimum 
amount  of  solder. 

8-15.  CAUTION.  Care  must  be  used  to 
avoid  applying  heat  to  the  printed-circuit  board 
or  the  component. 

8-16.  In  reattaching  a  component  that  has 
been  clipped  on  one  end  only,  the  service 
terminal  lug  should  be  rotated  180^. 

8-17.  Complete  component  replacement. 
This  second  method  of  removal  and 
replacement  of  defective  components  is  more 
difficult  than  the  first;  it  requires  more  precise 
work,  but  it  is  a  neater  and  more  effective 
method.  The  complete  removal  and 
replacement  of  a  defective  component  is  usually 
done  by  depot  level  maintenance  personnel. 
Listed  below  are  the  more  important  steps  for 
complete  replacement  of  a  detective 
component. 

(1 )  Secure  the  printed  circuit  board  in  a  test 
jig  or  vise  type  of  gripping  holder. 

(2)  Grasp  the  lead  on  one  end  of  the 
defective  component  with  the  forked  end  of  the 
soldering  aid.  This  should  be  done  as  close  to 
the  component's  body  as  possible.  If  you  have 
any  doubts  as  to  whether  or  not  the  component 
is  defective,  place  a  heat  sink  on  the  lead  as 
close  to  the  component  as  possible. 

(3)  Apply  the  soldering  iron  to  the 
component  lead  (on  the  side  of  the  heat  sink 
away  from  the  component),  being  especially 
careful  not  to  acutuaily  touch  the  eyelet 
through  which  the  lead  is  soldered. 

(4)  When  the  solder  within  the  eyelet  begins 
to  now,  use  a  gentle  lifting  motion  with  the 
soldering  aid  or  heat  sink  to  remove  the 
component  lead  from  the  eyelet. 

(5)  Repeat  the  preceding  steps  on  the  other 
lead  of  the  component.  Clean  both  eyelets;  be 
sure  to  remove  all  traces  of  resin. 
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Figure  2t.  Heat  sink, 


(6)  Shape  the  leads  of  the  new  component  to 
match  those  of  the  faulty  component  just 
removed.  Insert  the  component  leads  into  the 
eyelet. 

(7)  Hold  the  new  component  with  a  pair  of 
long-nose  pliers  (or  use  a  heat  sink)  to  protect 
the  component.  Apply  the  soldering  iron  to  the 
component  lead  and  allow  solder  to  run  into 
the  eyelet. 

(8)  Turn  the  board  over  and  make  sure  the 
soldered  connection  is  secure.  There  should  be 
a  small  solder  bead  formed.  Be  sure  to  do  all 
soldering  operations  in  as  little  time  as 
possible,  since  excessive  heating  causes  the 
printed  ^viring  to  tear  loose  from  the  phenolic. 

(9)  Repeat  the  two  previous  steps  to  secure 
the  other  lead. 

8-18.  NOTE:  When  using  the  long-nose 
pliers  as  a  heat  sink/ wrapping  a  rubber  band 
around  the  handles  to  hold  them  closed  around 
the  component  lead  makes  it  possible  for  you  to 
use  both  hands  in  soldering. 

8-19.  Wire  Wrap  Connections.  There  are 
many  different  types  of  wire  connections  that 
you  will  be  required  to  make.  It  is  beyond  the 
scope  of  this  course  to  show  all  the  types,  but 
we  will  show  you  some  of  the  more  commonly 
used  wire  wraps. 

8-20.  Eyelet  terminal  wire  wraps.  To  replace 
a  wire  lead  into  an  eyelet,  use  the  following 
procedure: 

(1)  Strip  and  tin  leads  to  be  connected. 

(2)  insert  lead  into  eyelet  (see  fig.  22). 

(3)  Wrap  the  lead  around  the  terminal  and 
crimp  it  to  provide  a  good  electrical 
connection.  Several  satisfactory  wraps  are 
shown  in  figure  22,  detail  A. 


8-21.  Terminal  wire  wraps.  These  are  much 
the  same  as  eyelet  connections,  except  that  the 
•wire  is  wrapped  around  a  turret.  To  use  this 
type  of  wrap,  follow  this  procedure: 

•  Strip  and  tin  the  leads  to  be  connected. 

•  Wrap  the  lead  around  the  terminal  turrent 
as  shown  in  figure  22,  detail  B.  Make  at  least 
one  and  not  more  than  two  complete  turns 
around  the  terminal.  NOTE:  Jumper  leads  are 
connected  to  the  lower  portion  of  the  terminal 
while  the  components  are  connected  to  the 
upper  portion. 

•  Solder  the  lead  to  the  terminal. 

8-22.  Old  lead  wrap.  When  replacing  a 
defective  component  and  using  the  remains  of 
the  old  leads  as  connections,  clean  the  old  lead 
wire  \vrap  to  provide  a  good  electrical 
connection.  The  following  procedure  is  the 
best. 

•  Remove  the  defective  component  by 
clipping  the  lead  approximately  1/8  Inch  from 
the  component  body. 

•  Straighten  the  leads  remaining  on  the 
board. 

•  Clean  w  the  leads  to  assure  a  good 
connection., 

•  With  needle-nose  pliers,  bend  into  loops 
the  leads  remaining  on  the  board. 

•  Insert  the  leads  of  the  new  component  as 
shown  in  figure  22,  detail  C,  and  solder  the 
connection, 

8-23.  New  component  wrap.  The  new 
component  wrap  method  is  much  the  same  as 
that  shown  in  figure  22,  detail  C.  The 
following  steps  result  in  a  good  electrical 
connection  when  you  are  installing  the  new 
component: 
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Figure  22.  Wire  wrap  connections. 
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(1)  Remove  the  defective  component  by 
clipping  the  leads  1/8  inch  from  the  old 
component  body. 

(2)  Straighten  the  leads  remaining  on  the 
board. 

(3)  Clean  the  leads  to  assure  a  good 
connection. 

(4)  Center  the  new  component  between  the 
clipped  leads  and  wrap  the  component  leads 
around  the  clipped  leads  as  shown  in  figure  22, 
detail  D. 

(5)  Crimp  the  component  lead  to  the  clipped 
lead  to  provide  a  good  connection.  Remove 
excess  wire. 

(6)  Solder  the  new  connection. 


8-24.  Repair  of  Prinlcd-Clrcuil  Boards. 
Cracks  and  crazes  (surface  separations  that  do 
not  extend  completely  through  the  body  of  the 
board)  are  considered  for  repair  only  if  all  the 
following  conditions  are  met:  (1)  The  crack 
must  not  run  under,  or  appear  to  run  under,  a 
conductor  on  either  side  of  the  board.  (2)  No 
single  crack  can  be  more  than  S/8  inch  in 
length.  (3)  there  will  be  no  more  than  two 
reparable  cracks  on  a  board.  (4)  no  cracks  may 
originate  at  either  of  the  mounting  edges  or 
from  the  other  edges  of  the  board  to  within  1 
inch  of  either  mounting  edge.  (5)  No  cracks 
may  extend  in  a  line  parallel  to  the  mounting 
edge  of  the  beard.  If  the  printed-circuit  boards 
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are  not  damaged  to  a  point  beyond  repair,  they 
should  be  fixed.  A  crack  in  the  base  can  allow 
moisture  to  collect  and  form  unwanted 
conductive  paths  between  the  conductors.  To 
prevent  this,  the  cracks  must  be  sealed.  This  can 
be  done  by  using  an  epoxy-resin  compound 
applied  as  follows: 

•  Secure  board  so  that  it  will  be  held  steady. 
Use  proper  size  equipment. 

•  Drill  a  small  hole  at  each  end  of  the 
crack.  This  prevents  the  crack  from  extending. 

•  Open  the  crack  on  both  sides  of  the  base 
material,  using  a  saw,  a  gouging  tool,  or  a  knife 
to  a  depth  sufficient  to  receive  the  epoxy-resin. 

•  Clean  the  open  crack  and  the  surrounding 
area  with  an  approved  solvent  or  by  scraping 
with  a  knife. 

•  Apply  the  ready-mixed  epoxy-resin 
compound  and  allow  the  air  to  cure  it  for 
approximately  24  hours. 

•  Reclean  the  surface  and  varnish  the 
repaired  area. 

8-25.  In  addition  to  the  repair  of  cracked 
printed-circuit  boards,  you  should  have  some 
idea  of  how  to  repair  raised  foil  when  it  is 
damaged  beyond  serviceable  condition. 
Remember  to  handle  printed-circuit  assemblies 
carefully  and  to  use  a  low-wattage  soldering 
iron  and  low-temperature  solder. 

8-26  There  are  two  methods  that  can  be 
used  in  the  repair,  depending  upon  the  size  of 
the  damaged  area.  If  the  break  is  small,  as 
shown  in  figure  23,  details  A  and  B,  in  both 
sides  of  the  break,  then  flow  solder  across  the 
open  area. 


Figure  23.  Open  cunductors. 


8-27.  Figure  23,  detail  C.  shows  a  larger 
break  in  the  foil.  Tin  both  sides  of  the  break; 
lay  a  piece  of  solid  hook*up  wire  across  the 
opening  and  solder  it  to  each  side  of  the  break. 
Bare  wire  may  be  used  if  the  break  is  not  too 
large. 

8-28.  In  some  instances  where  the  break  is 
large,  it  may  be  more  feasible  to  "jump"  the 
damaged  area.  This  may  be  done  by  installing  a 
wire  from  one  component  eyelet  to  the  next  in 
scries.  • 


8-29.  If  the  printed  circuit  foil  becomes 
raised  from  the  board  as  shown  in  figure  24, 
clip  off  the  raised  section.  The  repair  of  the 
cHpped-off  foil  then  would  be  the  same  as 
repairing  an  open  conductor,  as  shown  infigure 
23,  details  B  and  C,  depending  on  how  large 
the  raised  area  is. 


Figure  24.  Raised  foil  repair. 

8-30.  Transistor  Replacement.  Special 
emphasis  should  be  placed  on  our  discussion 
regarding  replacement  of  transistors.  In  many 
instances,  these  components  are  mounted  very 
close  to  the  printed-circuit  board.  This 
closeness  in  itself  makes  a  difficult  situation, 
which  is  compounded  by  the  fact  that  the 
transistor  can  be  damaged  by  the  application  of 
excessive  heat.  In  view  of  this,  special 
precautions  must  be  taken  when  a  transistor 
must  be  replaced.  Some  transistors  have  socket 
connections  much  like  a  regular  vacuum  tube 
which,  of  course,  makes  the  replacement  very 
simple.  However,  the  type  that  is  most 
commonly  used  must  be  soldered  in  place.  The 
following  procedures  outline  the  methods  for 
replacing  transistors: 

•  Secure  the  assembly  holding  the  transistor 
in  a  test  jig  or  a  vise. 

•  Cut  away  the  transistor  body  as  shown  in 
figure  25. 


Figure  15.  Transistor  replacement. 

•  Heat  the  remaining  leads  and  when  they 
are  loose,  pull  them  out. 

•  Clean  the  excess  solder  from  the  eyelets. 

•  Shape  the  leads  of  the  replacement  to 
conform  with  the  faulty  component.  Insert  the 
new  transistor. 


37 


•  Grasp  the  lead  as  close  to  the  trar.sisior 
body  as  possible  with  a  pair  of  long-nose  pliers. 
The  pliers  will  function  as  a  heat  sink  as  well  as 
hold  the  transistor  in  place. 

•  Flow  solder  into  the  eyelet.  Repeat  this 
step  until  all  leads  are  securely  fastened.  When 
replacing  a  transistor,  it  musube.  remembered 
that  excessive  heat  will  daniage  the  transistor. 

9.  Cable  Maintenance 

9-1.  Occasionally,  you  will  fabricate  cables 
for  electronic  equipment.  It  will  be  your 
responsibility  to  insure  that  they  are  correctly 
made  and  checked.  An  improperly  constructed 
cable  may  cause  a  piece  of  equipment  to  be 
inoperative,  prevent  it  from  taking  part  in  a 
strategic  mission,  and  even  cost  the  lives  of  Air 
Force  personnel.  It  is  well,  therefore,  that  we 
discuss  here  the  proper  procedures  for 
constructing,  checking  and  repairing  cables. 

9-2.  The  material  used  in  cable  construction 
should  meet  all  the  specifications  in  the 
equipment  technical  manual  or  the 
authorization  for  the  particular  installation. 

9-3.  Cable  lengths,  of  course,  depend  on  the 
placement  of  the  units.  The  various  cables 
required,  their  use,  and  their  length  limitations 
are  usually  described  in  the  equipment 
technical  manual  or  in  the  installation 
directives.  In  most  cases,  high-voltage  cables 
are  fabricated  at  the  factory.  The  materials 
necessary  for  other  cables,  supplied  in  bulk, 
consist  of  the  wire  to  be  used  and  the  cable 
covering.  Normally  the  fittings  for  terminating 
these  cables  are  supplied  with  the  bulk 
material.  Vinyl  plastic  cable  covering  is  the 
most  common  covering  in  use  at  the  present, 
time. 

9-4.  Cables  should  be  made  long  enough  so 
there  is  sufficient  slack  for  connecting  and 
disconnecting  the  plugs  from  their  receptacles. 
If  the  cable  lengths  are  noi  specified,  you  may 
have  to  tailor  them  to  fit  the  installation  after 
the  units  have  been  installed. 

9-5.  Muiliconduclor  Cables.  Multi- 
conductor  cables  vary  from  those  having 
two  leads  to  those  having  many  leads.  In  this 
type  of  cable  several  different  wire  sizes  may  be 
required,  depending  on  the  amount  of  current 
each  must  carry.  The  amount  of  insulation 
required  on  any  lead  is  determined  by  the 
potential  that  exists  along  the  lead.  For 
extremely  high  voltages,  a  special  high-voltage 
cable  is  used.  The  exact  specifications  for  all 
muluconductor  cables  may  be  found  in  the 
appropriate  technical  manual  on  the 
equipment. 

9-6.  Coaxial  Cable.  Most  electronic  systems 
use  coaxial  cable  and  connectors.  Figure  26 


shows  an  example  of  a  coaxial  cable  and  the 
assembly  of  the  connectors.  When  handling  or 
working  near  coaxial  cables,  observe  the 
following  precautions: 

«  Never  bend  a  coaxial  cable  sharply 
because  of  its  special  i:onstruction. 

•  Check  to  insure  that  the  bend  radius  is  at 
least  six  times  the  diameter  of  the  cable. 

•  Do  not  use  spot  ties  unless  specified. 

•  Use  only  cushion -type  clamps.  The 
clamps  must  not  fit  around  the  cable  tighily. 

•  Always  allow  some  slack  between 
mounted  equipment  and  the  first  clamp. 

•  Carefully  inspect  a  coaxial  cable  for  cuts, 
flat  spots,  and  other  evidence  of  abuse  before 
installing. 

9-7.  Cable  tdentificalion.  Generally, 
electronic  equipment  (to  facilitate  the 
installation  and  troubleshooting  of  wiring)  will 
have  the  wiring  and  coaxial  cables  identified  by 
a  letter/number  combination.  The 
letter/number  identification  is  stamped  directly 
on  the  wire  or  on  sleeving  attached  to  it.  On 
standard  wiring  the  identification  number  is 
stamped  on  the  wire  at  15-inch  intervals  and 
within  3  inches  of  each  break  and  terminating 
point.  Wires  from  3  to  7  inches  in  length  are 
stamped  near  the  center  only;  wires  less  than  3 
inches  in  length  are  not  identified.  Wiring 
identifications  are  stamped  in  black — except 
AC  wires  which  are  stamped  in  red.  Coaxial 
cables,  multiconductor  cables,  multiconductor 
cables,  unjacketed  shielded  cables,  wires  which 
do  not  retain  a  machine-imprinted 
identification,  and  wires  with  a  rough  surface 
which  do  not  take  a  clear  imprint  are  identified 
by  sleeving  at  the  ends  only.  In  any  case,  all 
equipment  wiring  will  have  some  form  of 
identification.  For  specific  information  on 
wiring  identification,  refer  to  the  equipment 
technical  order. 

9-8.  Safely  Wiring.  Electrical  connectors, 
emergency  devices,  and  some  electronic 
equipment  are  secured  with  safety  wire,  where 
specified  in  appropriate  directives,  to  prevent 
injury  to  people  and  equipment.  For  securing 
coupling  parts  of  AN  connectors,  use 
corrosion-resisting  steel  lock  wire.  (Use  .032- 
inch  lock  wire  whenever  possible.)  For  securing 
emergency  devices  where  it  may  be  necessary  to 
break  the  wire  quickly,  use  aluminum  or  copper 
wire.  Zinc-coated  carbon  steel  wire  is  used  in 
locations  where  the  wire  may  come  into  contact 
with  magnesium.  Only  new  wire  should  be  used 
when  securing  equipment.  Do  not  attempt  to 
reuse  old  safety  wire  on  any  itrm  that  requires 
replacement. 

9-9.  Two  principles  of  safety  wiring  are 
illustrated   in  figure   27.  The  double  twisi 
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Figure  26.  Coaxial  cable  and  connector. 


ERIC 


method,  shown  in  figure  27,  detail  A,  should  be 
used  whenever  possible.  The  single  wire 
method,  shown  in  figure  27,  detail  B,  should  be 
used  in  only  the  following  cases: 

•  For  emergency  devices. 

•  For  safety  wiring  in  areas  difficult  to 
reach 

•  For  small  screws  in  a  closely  spaced 
pattern,  as  illustrated  in  figure  27,  detail  B. 

9-10.  Sonding  and  Grounding.  The 
principles  to  be  followed  in  the  preparation 
and  mstallation  of  bonding  and  ground 
C4)nncctions  are  as  follows:  Bonding  and 
grounding  connections  ( 1 )  protect  the 
equipment  and  personnel  from  lightning 
discharge  and  electrical  shock,  (2)  prevent 
development  of  RF  potentials,  and  (3)  provide 
current-return  paths.  When  making  bonding  or 


grounding  connections,  observe  the  following 
precautions  and  principles. 

•  Bond  or  ground  parts  to  the  primary 
structure  (main  frame)  where  practicable. 

•  Make  bonding  or  ground  connections  in 
such  a  way  as  not  to  weaken  any  part  of  the 
equipment  structure. 

•  Bond  parts  individually  whenever 
possible. 

•  Make  bonding  or  grounding  connections 
against  smooth,  clean  surfaces. 

•  Install  bonding  or  grounding  connections 
so  that  vibration,  expansion,  contraction,  or 
movement  incident  to  normal  use  will  not 
break  or  loosen  the  connection. 

•  Whenever  possible,  locate  bonding  and 
grounding  connections  in  protected  areas  near 
holes,  inspection  doors,  or  other  accessible 
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CHAPTER  4 


Oscilloscopes  and  Test  Accessories 


C 


FROM  YOUR  training  and  experience,  you 
know  how  useful  the  oscilloscope  and 
synchroscope  are  for  observing  waveforms.  The 
pictorial  presentation  of  waveforms  makes  it 
possible  to  analyze  the  operation  of  many 
electronic  (and  some  mechanical)  systems. 
Malfunctions  can  usually  be  pinpointed  by 
waveform  inspections.  You  know  also  that 
these  instruments  can  be  used  to  make 
measurements  of  current,  voltage,  and 
frequency.  On  the  basis  of  such  facts,  it  is 
apparent  that  oscilloscopes  and  synchroscopes 
are  test  equipments  of  utmost  importance  to 
you  and  are,  therefore,  worthy  of  study. 

2.  In  this  chapter  we  describe  the  makeup  of 
oscilloscopes  and  synchroscopes.  Much  of  the 
discussion  about  their  operation  is,  no  doubt,  a 
review  for  you.  Our  coverage  is  sufficiently 
complete  to  insure  your  understanding  the 
functions  and  capabilities  of  these  test 
equipments  so  that  you  can  be  sure  that  they  are 


properly  used.  Circuit  analysis  is  unnecessary, 
since  most  of  the  circuits  within  oscilloscopes 
and  synchroscopes  are  conventional  ones  that 
you  should  know.  Specialized  circuits  may 
differ  considerably  in  design  because  of 
differences  between  manufacturers, 
but— functionally — they  are  similar.  Therefore, 
we  will  stress  functions  rather  than  circuits. 

12.  Functional  Analysis  of  Oscilloscopes 

12-1.  The  basic  oscilloscope  (fig.  30) 
includes  a  cathode-ray  tube,  a  sweep  generator, 
horizontal  and  vertical  deflection  amplifiers, 
and  power  supplies.  The  synchroscope  (see  fig. 
31)  is  a  sophisticated  oscilloscope  which  is 
widely  used  in  maintenance  procedures.  It 
contains  special  circuits  which  provide 
additional  capabilities.  The  signal  channel  of 
the  synchroscope  contains  frequency- 
compensating  circuits  which  permit  a  much 
wider  frequency  range  than  is  provided  by  the 
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Figure  31.  Synchroscope. 


general-purpose  oscilloscope.  The 
potentiometer  used  as  a  synchronizing 
amplifier  with  its  own  controls  to  provide 
triggered  sweeps.  Retrace  blanking,  marker 
generators,  and  voltage  calibrators,  which  are 
not  ordinarily  found  in  the  general-purpose 
oscilloscope,  are  also  included  in  the  circuitry 
of  the  synchroscope;  these  features  will  be 
covered  under  special  circuits. 

12-2.  Cathode*Ray  Tube.  As  you  know,  the 
heart  of  an  oscilloscope  is  the  cathode'rdy  tube. 
This  is  a  special  type  of  electron  tube  (see  fig. 
32)  in  which  electrons  emitted  by  a  cathode  are 
focused  and  accelerated  to  form  a  narrow  beam 
having  high  velocity.  The  beam  is  controlled 
and  directed  so  that  it  strikes  a  fiburescent 


screen,  whereupon  light  is  emitted  at  the  point 
of  impact  to  produce  a  visual  indication  of  the 
beam  position.  The  electronic  process  of 
forming,  focusing,  accelerating,  controlling, 
and  deflecting  the  electron  beam  is 
accomplished  by  the  electron  gun  in 
conjunction  with  the  vertical  and  horizontal 
deflecting  plates.  A  flourescent  screen  visually 
indicates  the  movement  imparted  to  the 
electron  beam.  An  aquadag  (graphite)  coating, 
which  partially  covers  the  inside  of  the  glass 
envelope,  provides  a  return  path  for  electrons 
and  at  the  same  time  serves  to  shield  the 
electron  beam  electrostatically  from  external 
electrical  disturbances. 

12-3.  Electron  gun.  A  simplified  form  of  the 
electron  gun  is  shown  in  figure  32.  The  cathode 


0 


FLUORESCENT 
SCREEN 


ANOOE 
CATHODE  1 
CONTROL 
FILAMENT      \  GRID 


aQUAOaC 
COATING 


3 


ERIC 
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Figure  33.  Electron  beam  deflectiun 

is  an  oxide-coated  metal  cylinder  which,  when 
properly  heated,  emits  electrons.  These 
electrons  are  attracted  toward  the  accelerating 
and  focusing  anodes,  which  are  highly  positive 
with  respect  to  the  cathode.  To  reach  these 
anodes,  the  electrons  are  forced  to  pass  through 
a  tiny  circular  opening  in  a  cylindrical  control 
grid.  The  control  grid  effectively  concentrates 
the  electrons  and  starts  the  formation  of  a 
beam.  Electrons  leaving  the  grid  aperture 
continue  to  travel  toward  the  focusing  anode 
(anode  No.  I)  and  accelerating  anode  (anode 
No.  2).  Note  that  the  anodes  are  also 
cylindrical  in  shape  and  have  openings  to 
permit  beam  passage.  Between  these  two  anodes 
is  an  electrostatic  field,  shown  by  the  dashed 
lines  in  figure  32.  which  causes  the  electrons  to 
converge  into  a  more  concentrated  beam.  Thus, 
this  electrostatic  field  serves  as  an  electron  lens 
which  focuses  the  electrons  in  somewhat  the 
same  manner  that  a  convex  lens  focuses  a  beam 
of  light.  The  focal  length  of  the  electron  lens  is 
changed  by  varying  the  potential  on  anode  No. 
i  by  means  of  a  potentiometer  located  on  the 
front  panel  of  the  oscilloscope.  The  potential 
on  the  second,  or  accelerating,  anode  remains 
constant.  The  intensity  of  the  beam  (number  of 
electrons  in  the  beam)  is  varied  by  varying  the 
grid  potential  with  respect  to  the  cathode,  thus 
permitting  more  or  fewer  electrons  lo  flow. 
Because  the  potentials  applied  to  the  grid  and 
both  anodes  are  taken  from  a  common  voltage 
divider  network,  any  change  made  in  the  setting 
of  the  intensity  control  requires  an  adjustment 
in  the  setting  of  the  focus  control,  and  vice 
versa. 

12-4.  Electrostatic  deflection.  Electrostatic 
beam  deHection  is  accomplished  through  the 
use  of  two  pairs  of  parallel  plates  located  on 
each  side  above  and  below  the  beam.  Two 
plates  arc  horizontally  oriented  so  that  they  are 
perpendicular  to  the  two  vertical  plates;  thus, 
the  electrons  must  pass  between  the  plates  of 
each  set  o^  detlection  anodes  (see  fig.  33).  If  no 


electric  field  exists  between  the  plates  of  either 
pair,  the  beam  follows  its  normal  straight-lin  * 
path,  and  the  resulting  spot  is  at  or  near  the 
center  of  the  screen.  A  voltage  potential 
applied  to  one  set  of  plates  causes  the  beam  to 
bend  toward  the  plate  that  has  the  positive 
potential,  and  away  from  the  plate  that  has  the 
negative  potential.  Deflection  of  the  beam 
occurs  virtually  instantaneously  since  it 
possesses  an  infinitesimal  mass,  and  the 
bending  is  in  direct  proportion  to  the 
amplitude  of  the  voltage  applied  to  the  plates. 
The  second  pair  of  plates  influences  the  beam 
in  the  same  manner  except  that  the  bending 
occurs  in  a  plane  perpendicular  to  the  first.  The 
plates  located  nearest  the  gun  structure  are 
generally  designated  as  the  y-axis  deflection 
plates,  and  those  nearest  the  screen  as  the  jt- 
axis  plates.  A  voltage  that  is  variable  and 
recurrent  with  time,  when  applied  to  either  set 
of  plates,  causes  the  spot  to  move  back  and 
forth  across  the  screen  along  a  straight  line. 
The  movement  of  the  spot  across  the  screen 
'appears  as  a  solid  line  when  its  cyclic  rate 
exceeds  the  persistence  of  human  vision  or  the 
persistence  of  the  phosphor  material  forming 
the  screen. 

12-S.  Nearly  all  applications  of  electrostatic- 
type  cathode-ray  tube  require  that  each  pair  of 
deflection  plates  act  on  the  beam  independently 
and  simultaneously.  This  produces  a  motion  of 
the  spot  along  a  line  which  is  the  resultant  of 
the  forces  exerted  by  the  deflection  plates.  In 
this  case,  the  electron  beam  is  continually  acted 
upon  by  two  forces  which  are  at  right  angles  to 
each  other.  Figure  33  illustrates  the  resultant 
spot  motion  produced  by  independent 
deflection  voltages  applied  simultaneously  to 
the  X  and  y  axes.  When  the  sliders  of 
potentiometers  Rl  and  R2  are  at  ground 
potential,  all  four  deflection  plates  are  at 
ground  potential  and  the  spot  appears  at  0  on 
the  screen.  If  the  slider  of  R2  is  moved  in  a 
negative  direction,  horizontal  deflection  plate 
HP2  becomes  negative  with  respect  to  HP] .  and 
the  electron  beam  is  repelled  by  this  negative 
voltage.  Under  the  action  of  this  repulsion,  ihe 
spot  moves  to  point  .r  on  the  screen.  If  ihe 
slider  of  R]  is  moved  in  the  positive  direction, 
vertical  deflection  plate  VPl  becomes  positive 
with  respect  to  VP2.  causing  the  beam  to  bo 
attracted  from  point  .x  to  point  m.  Now,  if  the 
above  adjustments  of  Rl  and  R2  are  made 
simultaneously  and  at  the  same  rate,  the 
resultant  of  the  electrostatic  forces  exerted 
along  the  x  and  y  axes  causes  the  spoi  to  move 
to  point  m  along  the  line  om.  If  the  same 
control  setup  is  turned  in  the  other  direction, 
the  spot  moves  along  the  line  on.  Thus,  ii  is 
demonstrated  that  when  two  A^oltages.  whether 


53 


5V 


Figure  34.  Oefleciion  sensitivity. 

ihcy  be  steady  voltages  or  variable  in  nature, 
are  applied  simultaneously,  one  to  each  pair  of 
deflection  plates,  the  position  of  the  spot  at  any 
instant  is  proportional  to  the  resultant  of  the 
simultaneous  forces  exerted  upon  the  beam  at 
that  instant. 

12-6.  Deflection  sensitivity.  The  distance 
that  the  spot  may  be  moved  upon  the  viewing 
screen  in  either  the  horizontal  or.  the  vertical 
direction  by  a  potential  of  1  volt  applied  to  the 
deflection  plates  is  the  deflection  sensitivity  for 
the  axis  under  consideration.  This  is  usually 
given  in  millimeters  per  DC  volt  by  the 
manufacturer,  as  one  of  the  cathode-ray  tube*s 
characteristics.  The  most  accurate  way  of 
measuring  deflection  sensitivity  is  to  apply  a 
known  DC  potential  directly  to  the  deflection 
plates  and  then  to  measure  the  distance  the  spot 
moves.  This  distance,  in  millimeters,  divided  by 
the  voltage  applied,  is  the  deflection  sensitivity 
for  that  pair  of  deflection  plates  (expressed  in 
mm/volt).  Most  cathode-ray  tubes  have 
sensitivities  of  less  than  1  mm/volt, 

12-7.  Another  way  of  expressing  the  ability 
of*  an  applied  voltage  to  cause  beam  deflection 
is  called  the  (iefJeaion  factor.  Deflection  factor 
is  the  voltage  required  on  a  pair  of  deflection 
plates  to  produce  unit  deflection  of  the  spot, 
and  is  usually  expressed  at  DC  (or  RMS)  volts 
per  inch.  If  a  tube  has  a  deflection  factor  of  60 
VDC  per  inch,  the  spot  moves  a  total  distance 
on  the  screen  of  1  inch  for  every  60  volts 
applied  to  the  deflection  plates;  hence,  120 
VDC  would  displace  the  spot  2  inches. 

12-8.  If  an  AC  voltage  is  applied  to  one  pair 
of  the  deflection  plates,  the  spot  is  never 
stationary  on  tne  screen  of  the  scope  because 
the  deflection  of  the  beam  is  at  all  times 
proportional  to  the  instantaneous  voltage  on 
the  deflection  plates.  As  a  result,  the  electron 
beam  scans  the  screen  in  such  a  manner  as  to 
produce  a  straight,  luminous  line,  the  length  of 
which  is  determined  by  the  peak-to-peak  value 
of  the  voltage.  It  can  be  seen  from  figure  34 
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thai,  when  an  AC  voliage  is  applied  to  the 
vertical  deflection  plates,  the  electron  beam  is 
deflected  upward  and  downward  from  its  rest 
position  by  equal  amounts.  Assume  that  the 
vertical  deflection  system  shown  in  figure  34 
has  a  deflection  factor  of  40  VDC  per  inch  and 
that  the  sine-wave  voltage  applied  to  the  plates 
has  a  peak-to-pcak  value  of  40  volts.  Under 
these  conditions,  the  upward  and  downward 
deflections  from  the  cenier  are  each  1/2  inch, 
producing  a  vertical  line  I  inch  long.  The  spot 
retraces  this  path  at  the  frequency  of  the 
applied  signal. 

12-9.  The  X  and  y  deflection  sensitivities  for 
cathode-ray  tubes  employing  electrostatic 
systems  are  not  equal— the  vertical,  or  >.piates 
generally  have  the  greater  sensitivity.  The 
inequality  results  from  the  differences  in  their 
positions  with  repsect  to  the  viewing  screen, 
because  it  is  not  a  practical  design  to  mount 
both  sets  of  plates  at  a  common  distance  from 
the  screen.  The  most  desirable  characteristics 
for  a  particular  application  should  be  chosen. 
For  example,  if  the  ultimate  in  deflection 
sensitivity  is  essential,  then  ( 1 )  the  tube  must  be 
long,  (2)  the  second  anode  potential  must  be 
kept  low,  and  (3)  the  effective  spacing  of  the 
deflection  plates  must  be  small.  If  the  tube  must 
be  short  or  if  the  anode  voltage  must  be  kept 
high  for  purposes  of  best  spot  size  and  high 
brilliance,  the  sensitivity  is  reduced.  A  method 
often  used  for  increasing  deflection  sensitivity 
is  to   increase  the  time  during  which  the 
deflection  potentials  may  act  upon  the  beam 
and  to  decrease  the  spacing  between  plates. 
This  can  be  done  effectively  by  installing  long, 
closely  spaced  plates  that  bend  away  from  the 
deflection  path  to  permit  a  wide  angle  of 
deflection  without  interception  of  the  beam  by 
the  plates. 

12-10.  Fluorescent   screen.    In   order  to 
convert  the  energy  of  the  electron  beam  into 
visible  light,  that  area  where  the  beam  strikes 
(labeled  screen  in  fig.  34)  is  coated  with  a 
phosphor  chemical  which,  when  bombarded  by 
electrons,  has  the  property  of  emitting  light. 
This  property  is  known  as  fluorescence.  The 
intensity  of  the  spot  on  the  screen  depends 
upon  two  factors — the  speed  of  the  electrons  in 
the  beam  and  the  number  of  electrons  that 
strike  the  screen  at  a  given  point  per  unit  of 
time.  The  amount  of  light  per  unit  area  which 
the  phosphor  is  capable  of  emitting  is  limited 
and»  once  the  maximum  has  been  reached,  any 
further  increase  in  the  electron  bombardment 
has  no  further  effect  on  the  intensity  of  the 
light.    In    practical    cases,   the    intensity  is 
controlled  by  varying  the  number  of  electrons 
that  are  allowed  to  reach  the  screen.  All 
fluorescent   materials   have   some  afterglow, 

58 


which  varies  with  the  screen  maierial  and  wiih 
the  amount  of  energy  expended  lo  cause  ihe 
emission  of  light. 

12-1  K  The  length  of  time  required  for  the 
light  output  to  diminish  by  a  given  amouni  after 
excitation  has  ceased  is  the  persistence  of  the 
screen  coating.  The  general  classification  of 
screen  materials  is  in  terms  of  long,  medium,  or 
short  persistence.  Various  phosphors  are  used 
in  oscilloscope  work,  e:»ch  for  specific 
applications.  For  example,  white  and  blue- 
white  phosphors  of  short  and  very  short 
persistence  are  used  where  photographic 
records  are  taken  of  screen  patterns.  Again,  for 
general  service  work,  where  visual  observation 
is  most  important,  a  green  phosphor  having 
medium  persistence  is  used.  In  viewing  a  line  or 
pattern  that  is  traced  by  a  moving  spot  of  light, 
the  persistence  of  human  vision,  as  well  as  that 
of  the  screen  material,  plays  an  important  part. 
When  the  pattern  is  retraced  at  a  rate  of  16 
limes  or  more  a  second,  the  persistence  of  the 
eye  retains  the  image  from  each  previous  sweep; 
therefore,  the  spot  in  its  movement  is  no  longer 
distinguishable  as  a  spot,  and  the  path  traveled 
appears  as  a  continuous  illuminated  line.  In  the 
case  of  long-persistence  phosphor  materials,  the 
persistence  of  the  screen  rather  than  the  eye  is 
the  governing  faictor,  and  the  scanning  rate 
required  to  produce  a  solid  line  is  substantially 
lower. 

12-12.  Aquada^  coatihH.  As  we  have 
prcviouslv  described,  the  fluorescent  screen  of 
a  cathode-ray  tube  is  bombarded  by  a  beam  of 
electrons.  If  these  electrons  were  allowed  to 
accumulate  upon  the  screen,  the  screen  would 
Soon  acquire  a  negative  charge  that  would 
effectively  repel  and  disperse  the  electron 
beam,  thus  blocking  the  tube  in  its  primary 
function.  However,  this  does  not  occur  because 
the  beam,  upon  striking  the  screen,  dislodges 
electrons  from  its  surface  (a  process  known  as 
secondary  emission).  These  dislodged  electrons 
arc  attracted  to  positively  charged  tube 
elements,  whereupon  they  are  returned  to  the 
power  supply.  When  the  number  of  secondary 
electrons  conducted  away  from  the  screen 
equals  the  number  of  electrons  that  return  to 
the  screen  plus  those  that  are  delivered  to  the 
screen,  there  is  no  accumulation  of  charge. 
Present-day  cathode-ray  tubes  have  a  coating  of 
graphite  painted  upon  the  inner  surfaces  but 
not  connected  with  the  screen.  The  functions  of 
this  coating  are  (I)  to  collect  and  return 
secondary  electrons  to  the  power  supply,  (2)  to 
serve  as  an  electrostatic  shield  against  external 
electrical  fields,  and  (3)  in  some  tube  types,  to 
act  as  afi  accelerating  anode. 


12-13.  Basic  Circuits.  Oscilloscopes  and 
synchroscopes  require  power  supplies, 
amplifiers,  and  sweep  generator  circuits. 

12-14.  Power  supplies.  High-voltage  and 
low-vollage  power  supplies  are  required  for  the 
operation  of  scopes.  The  high-voltage  power 
supply  provides  operating  potentials  to  the 
cathode-ray  tubes.  The  low-voltage  power 
supply  provides  operating  potentials  to  the 
associated  amplifiers  and  oscillators. 

12-15.  The  output  of  the  high-voltage  power 
supply  is  usually  over  1000  VDC,  depending 
upon  the  size  of  the  cathode-ray  tube.  Its 
polarity  is  negative  to  permit  the  second  anode 
and  the  deflection  plates  to  be  operated  at 
ground  potential;  this  also  provides  an 
additional  safety  factor.  Half-wave  rectification 
and  a  simple  resistance-capacitance  filter 
network  a-e  used  for  these  high-voltage 
applications  because  the  current  required  to 
operate  the  cathode-ray  tube  is  very  small.  A 
voltage  divider,  which  includes  the  focus  and 
intensity  controls,  provides  the  necessary 
operating  potentials  for  the  various  cathode-ray 
tube  electrodes. 

12-16.  The  output  of  the  low-voltage  power 
supply  is  usually  in  the  250-  to  400-volt  range. 
Full-wave  rectification  and  a  pi-type  filter 
network  are  used  in  this  power  supply  because 
of  the  moderate  current,  good  regulation,  and 
low  ripple  voltage  requirements. 

12-17.  Both  the  low-voUage  and  high- 
voltage  power  supplies  use  a  common 
secondary  on  the  power  transformer.  This 
design,  in  conjunction  with  the  use  of  half-wave 
rectification  for  the  high-voltage  supply, 
permits  a  saving  in  copper  as  well  as  space, 
because  the  low-voltage  secondary  provides  a 
portion  of  the  high-voltage  output. 

12-18.  Vertical  and  horizontal  amplifiers. 
The  deflection  system  of  the  cathode-ray  tube  is 
relatively  insensitive,  requiring  voltages  on  the 
order  of  several  hundred  volts  for  full-scale 
deflection.  Therefore,  it  is  necessary  to  use 
amplifiers  to  increase  the  amplitudes  of  the 
voltages  for.  both  the  vertical  and  horizontal 
deflection  plates  so  that  test  signals  of  low 
amplitudes  may  be  effectively  presented. 

12-19.  Most  oscilloscopes  use  a  cathode 
follower  input  stage  followed  by  push-pull 
amplifiers  lo  obtain  better  linearity  at  the 
output  of  the  horizontal  and  vertical  deflection 
channels.  One  of  the  most  important  advantages 
of  using  push-pull  amplifiers,  instead  of  single- 
ended  amplifiers,  is  that  the  deflection  plates 
produce  a  uniformly  balanced  field  with  respect 
to  the  second  anode  of  the  cathode-ray  tube. 
This  eliminates  the  tendency  for  the  spot  to 
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Figure  35.  Thyratron  sweep  waveform. 


defocus  as  the  electron  beam  approaches  the 
limits  of  tne  viewing  area.  From  a  given  power 
supply,  a  push-pull  amplifier  can- deliver  twice 
the  output  signal  that  a  single-ended  stage  can 
deliver.  Moreover,  push-pull  operation  tends  to 
reduce  the  generation  of  internal  noise.  The  use 
of  a  cathode  follower  as  an  output  circuit 
provides  the  advantages  of  a  higher  input 
impedance  and  less  frequency  discrimination. 

12-20.  In  synchroscopes  and  some  general- 
purpose  oscilloscopes,  the  design  of  the 
amplifiers  provides  complex  frequency- 
compensating  networks  and  direct  coupling  in 
plate,  grid,  and/or  cathode  circuits,  to  extend 
the  high-  and  low-frequency  response.  Wide 
frequency  response,  however,  is  obtained  at  the 
expense  of  signal  gain.  Thus,  to  broaden  the 
response,  the  number  of  amplification  stages 
must  be  increased  if  the  same  deflection 
sensitivity  is  desired. 

12*21.  When  an  amplifier  is  used  between 
!he  signal  source  and  the  deflection  plates  of 
the  cathode-ray  tube,  the  signal  is  faithfully 
reproduced  only  when  the  amplifier  over- 
loading point  and  frequency  range  are  not  ex- 
ceeded. The  overloading  poinc  is  reached 
when  the  amplitude  of  the  signal  unaer 
observation  exceeds  the  dynamic  operating 
capabilities  of  the  input  amplifier. 
Oscilloscopes  using  a  simple  potentiometer  as 
an  input  gain  control  are  especially  susceptible 
CO  overloadinif  conditions.  High  input  signal 
levels  can  produce  deflection  voltages  so  large 
that  the  display  dimensions  exceed  the  viewing 
area  dimensions;  signal  extremities  are  not 
visible.  Such  a  display  is  not  usable  in  this 
condition;  therefore,  ih^  gain  control  must  be 


decreased  until  the  point  is  reached  where  the 
control  is  so  near  the  end  of  its  rotation  that 
adequate  control  of  the  display  dimensions  is 
difficult  to  obtain.  Two  other  difficulties 
encountered  with  the  use  of  a  single  gain 
control  ^x^  frequency  discrimination  and  phaae 
distortion.  As  the  higher  input  frequencies  are 
varied,  they  are  adversely  affected  by  the  gain 
control  because  of  the  shunting  effects  of  the 
distributed  capacitance  of  the  high-resistance 
potentiometer  rotor  to  ground.  The  problem  is 
complicated  by  the  fact  that  the  shunting  effect 
is  increased  or  decreased  for  the  same 
frequency  with  a  change  in  the  resistance 
setting.  Phase  distortion  is  also  a  function  of 
this  control  for  the  sanre  reason. 

12-22.  Many  oscilloscopes  include  a  step- 
type,  frequency-compensated  attenuator  switch 
preceding  the  first  vertical  amplifier  and  gain 
control  to  reduce  the  effects  of  overloading, 
frequency  discrimination,  and  phase  distortion. 
This  switch  often  provides  a  direct-current 
position,  connecting  the  grid  of  the  first  vertical 
amplifier  so  that  circuits  producing  a  direct- 
current  restoration  may  be  observed  and 
measured.  .Attenuators  ot  this  type  are  seldom 
encountered  in  the  horizontal  am  pi  i  tier, 
because  routine  maintenance  procedures 
generally  require  the  use  of  the  internal  time- 
base  generator  and  also  because  the  sensitivity 
of  the  horizontal  amplifier  is  lower  due  to  the 
location  of  the  horizontal  deflection  plates 
within  the  cathode-ray  tube. 

12-23,  Sweep  generators.  The  sweep 
generator  circuits  in  many  general-purpose 
oscilloscopes  employ  a  thyratron  to  generate  a 
sawtooth  sweep.  The  sweep  generator  provides 
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Figure  36.  MuUivibrator  sweep. 


a  wide  range  of  fundmental  sawtooth 
frequencies  with  a  reasonably  linear  forward 
trace  and  a  rapid  retrace  time  for  general- 
purpose  time-base  applications  (see  fig.  35). 
The  advantage  of  d  thyratron  sweep  circuit  over 
the  simpler  gaseous  discharge  circuits  is  more 
stable  synchronization  of  the  sawtooth  sweep 
with  other  waveforms  in  various  harmonic, 
subharmonic.  and  phase  relationships  to 
produce  a  stationary  display. 

12-24.  The  operation  of  the  thyratron  sweep 
generator  is  based  upon  the  fundamental 
principle  of  charging  a  capacitor  througn  a 
resistance  from  a  constant  potential  source  (see 
fig.  35).  The  frequency  of  the  sweep  generator 
is  primarily  determined  by  the  time  constant  of 
the  charge  time  capacitor  and  resistor,  but  the 
exact  frequency  is  also  affected  by  the 
ionization  and  deionization  levels  of  the 
thyratron.  In  general,  increasing  the  resistance- 
capacitance  (RC)  time  constant  decreases  the 
sawtooth  frequency,  vvhile  decreasing  this  time 
constant  increases  ihe  frequency.  At  the  lower 
frequency  sweeps,  the  desired  control  over  the 
generator  frequency  is  more  positive  acting  and 
more  easily  obtained  by  the  use  of  a  high- 
resistance  potentiometer  to  increase  the  RC 
time  constant. 

12-25.  The  forward  trace  time  of  the  bweep 
occurs  when  the  amount  of  charge  accumulated 
within  the  timing  capacitor  increases  with  equal 
increments  of  time.  The  forward  trace,  then,  is 
produced  by  the  charge  time  of  the  resistor- 
capacitor  combination.  Near  the  end  of  the 
forward  trace  time,  the  amplitude  of  the 
charging  wave  becomes  equal  to  the  ionization 
level  of  the  thyratron  sweep  tube.  At  this  time 
in  the  tcycle.  the  gas-filled  tube  conducts  to 


discharge  the  time  charging  capacitor.  When 
the  RC  combination  has  been  discharged  to  the 
point  where  the  deionization  potential  of  the 
thyratron  is  reached,  the  thyratron  ceases  to 
conduct.  This  portion  of  the  sawtooth  wave  is 
called  the  flyback,  or  retrace,  time.  The 
sawtooth  waveform  is  completed  at  this  point, 
and  the  circuit  continuously  repeats  the  entire 
cycle  of  events.  There  are  three  generally  used 
terms  to  describe  the  sweep  with  this  mode  of 
sweep  generator  operation:  continuous,  free- 
running,  and  recurrent, 

1 2-26.  Vacuum  tubes  and  transistors  are  also 
commonly  used  to  produce  sawtooth  sweep 
signals  for  driving  the  horizontal  deflection 
amplifiers.  Multivibrators  of  various  types,  as 
well  as  blocking  oscillators,  are  used  to 
generate  these  signals.  Multivibrators  used  for 
the  generation  of  sawtooth  signals  are 
asymmetrical;  that  is,  two  pulses  are  produced 
per  operating  cycle,  but  they  are  of  unequal 
time  duration.  The  longest  pulse  is  used  to 
derive  the  forward  trace  time,  while  the  shortest 
pulse  is  used  to  derive  the  retrace  time,  as 
shown  by  the  dotted  lines  in  figure  36  A 
comparatively  large  capacitor  is  placed  across 
the  output  terminals  of  the  multivibrator  to 
convert  the  rectangular  pulses  into  a  sawtooth 
sweep  signal.  Blocking  oscillators  are  usable  as 
sweep  generators,  but  general -purpose 
oscilloscopes  used  by  the  Air  Force  seldom 
have  blocking  oscillator  sweep  circuits. 

12-27.  Sawtooth  sweep  signals  derived  from 
constant  voltage  sources,  such  as  those  just 
described,  do  not  produce  a  sweep  of  sufficient 
linearity  tor  some  applications.  The  reason  is 
that  the  charging  voltage  follows  an 
exponential   curve   instead   of  the  desired 
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Figure  37,  Synchronizing  the  sweep. 


Straight  line.  By  replacing  the  resistor  in  an  RC 
time-determining  network  with  a  pentode 
vacuum  tube,  a  more  linear  sweep  can  be 
obtained.  The  high  plate  resistance  of  the 
pentode,  together  with  its  constant  current 
properties,  makes  it  well  suited  for  this 
purpose. 

12-28.  In  addition  to  linearity, 
synchronization  is  important.  While  it  is  true 
that  a  stationary  display  can  be  obtained  by 
adjusting  the  sweep  generator  to  some 
harmonic  or  subharmonic  relationship  with  the 
unknown  signal  in  the  vertical  amplifier,  it  does 
not  mean  that  the  display  remains  stationary 
indefinitely.  Fluctuations  in  either  the  sweep  or 
test  signal,  or  both,  cause  the  two  signals  to  lose 
this  synchronism.  If  the  sweep  is  not  precisely 
in  step  with  the  voltage  under  test,  the  resulting 
display  is  a  moving  display,  and  unless  the 
movement  is  very  slow,*  the  display  is 
unintelligible  to  the  observer.  Many  times,  it  is 
extremely  difficult  to  obtain  a  stationary 
display  despite  the  harmonic  relationship  of  the 
test  and  sweep  signals. 

12-29.  Although  more  stable  synchronous 
operations,  can  be  obtained  with  vacuum-tube 
and  solid-state  sweep  circuit^  than  with  a 
thyratron  sweep  circuit,  many  oscilloscopes 
employ  the  thyratron  because  it  permits  simpler 
design  and  is  satisfactory  for  ordinary 
applications.  A  method  of  locking  the  sweep 
generator  to  the  frequency  of  the  test  signal  is 
to  inject  a  portion  of  the  test  signal  b^ng 
processed  in  the  vertical  amplifier  into  the  grid 
of  the  thyratron.  For  example,  if  no 
synchronizing  voltage  is  applied  to  the  grid  of 
the  thyratron,  the  sweep  generator  becomes 
uncontrolled  and  operates  in  a  free-running 


condition;  i.e.,  its  frequency  is  governed  solely 
by  the  RC  time  constant  of  the  circuit,  shown 
by  the  solid  line  sawtooth  signal  in  figure  3S. 
Reference  to  figure  37  shows  that  even  though 
the  solid  line  synchronizing  sine  wave  does  not 
materially  affect  the  free-running  sweep 
frequency,  synchronism  is  obtained.  If  the 
sweep  signal  tended  to  change  along  the  lime 
axis,  the  sine  wave  would  trigger  the  thyratron 
to  terminate  the  forward  trace  time.  Figure  37 
also  shows  how  the  horizontal  sweep  is  brought 
into  synchronism  if  the  same  sine-wave 
frequency  is  advanced  in  phase  by  9^  Note  the 
dotted  line  sine-wave  and  sawtooth  sweep 
portions. 

1 2-30.  Special  Circuits.  As  we  have 
mentioned  earlier,  scopes  may  have  special 
circuits  to  make  them  more  accurate  and 
versatile. 

1  2-3  J .  Triggered  sweep.  The  sawtooth  sweep 
generator  in  the  general-purpose  oscilloscopes 
is  usually  of  the  free-running  type.  Although  a 
synchronizing  signal  injected  inio  the  sweep 
generator  can  control  and  initiate  the  sweep, 
the  free-running  frequency  of  the  sawtooth 
sweep  must  closely  match  or  be  some  multiple 
of  the  synchronizing  signal  to  provide  lock-in 
operation.  Consequently,  when  the 
synchronizing  signal  consists  of  random  pulses, 
or  pulses  having  low  repetition  rate, 
satisfactory  displays  cannot  be  obtained^ 
Consider  the  case  where  a  pulse  of  1/2  /isec  in 
width  is  to  be  observed  at  a  repetition  rate  of 
1000  pulses  per  second  (PPS).  The  sawtooth 
sweep  would  have  to  be  about  1  Atsec  long  to 
display  the  pulse;  however,  tor  each  pulse 
observed  there  are  999  idle  sweep  periods  of 
the    time    base    generator.    Loss  ut 
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Figure  38.  Triggered  sweep  and  displays. 


synchronuiitiun  during  the  999  idle  periods 
could  produce  an  erratic  display,  because  the 
pulse  could  be  located  in  a  different  position 
for  each  successive  sweep.  Furthermore,  in 
most  cases,  the  observed  pulse  is  small  and  faint 
as  compared  with  the  long,  bright  baseline 
representing  the  idle  periods. 

12-32.  To  overcome  this  difficulty,  the 
symhrosiope  was  developed.  U  has  a  triggered 
or  driven  sweep  which  is  time  controlled. 
During  quiescent  signal  conditions,  the 
capacitor  in  the  time-determining  network  is 
held  in  a  discharged  state.  The  spot  remains  at 
the  left-hand  side  of  the  scope  viewing  area 
during  this  time.  When  a  synchronizing  pulse  of 
the  proper  amplitude  and  polarity  is  derived 
from  the  signal  under  investigation,  the  sweep- 
forming  capacitor  is  permitted  to  charge, 
commencing  a  single  sweep.  Following  the 
attenuator  of  the  vertical  amplifier  is  an 
artificial  delay  line  or  a  low-pass  filter  circuit 
with  a  cutoff  frequency  higher  than  the  highest 
frequency  to  be  passed.  One  purpose  of  this 
delay  circuitry  is  to  retard  the  signal  to  be 
observed  until  the  sweep  has  been  initiated  by  a 
portion  of  the  input  signal,  which  is  not 
delayed.  If  the  delay  were  not  used,  the  initial 
portion  of  the  waveform  would  not  appear  on 
the  trace,  because  a  certain  amount  of  time  is 
I'equired  for  the  input  signal  voltage  lo  rise  lo 
the  level  needed  to  trigger  the  sweep  circuit. 

I20.V  The  delay  period  may  be  fixed  or 
variable.  If  (he  delay  is  variable,  the  triggered 
sweep  may  be  initiated  to  lead  or  lag  the  signal 


source  by  some  predetermined  amount  to 
permit  investigations  of  any  portion  of  a 
particular  waveform.  Figure  38,A,  shows  the 
undisiorted  waveform  displayed  by  a  single 
sweep  from  the  internal  time-base  generator.  In 
figure  38, B.  the  sweep  frequency  and  delay 
were  changed  so  that  the  sweep  would  be 
initiated  20  ^tsec  after  the  start  of  the  waveform 
to  be  displayed.  The  undesired  detail  of  the  line 
segment  represented  by  line  ab  is  eliminated  by 
the  delay  circuit,  and  the  entire  step  pulse  is 
expanded  along  the  horizontal  direction. 
Changing  the  sweep  frequency  and  delaying  the 
sweep  for  45  /xsec,  as  shown  in  figure  38,C, 
permits  an  ^ven  greater  expansion  of  the  step 
pulse  for  the  examination  of  any  detail  along 
the  peak  of  the  pulse. 

12-34.  A  secondary  purpose  of  the  delay  line 
is  to  provide  a  means  of  reflection,  a  series  of 
accurately  spaced  pulses  suitable  for  calibration 
of  short  time  intervals.  To  accomplish  this,  a 
switch  is  provided  to  cause  a  mismatch  in  the 
termination  of  the  delay  line  so  that  when  a 
sharp  pulse  is  fed  into  the  line,  a  series  of 
reflections  will  occur  similar  to  those  shown  in 
figure  39.  Since  the  time  required  for  a  pulse  to 
travel  down  the  line  and  back  is  I  Msec,  a  series 
of  pulses  occurring  I  Msec  apart  is  produced. 
Of  course,  each  successive  pulse  is  smaller 
because  of  losses  in  the  delay  line,  but  a 
signiflcant  number  is  available  for  most  high- 
speed calibration  purposes. 

12-35.  Sweep  calibrator.  The  length  of  the 
sweep   signal   used   for  general  waveform 
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Kigure  3S^.  \Urkcr  puUes  from  a  mi&maicheii  dcUv  hoc 


inspection  need  not  be  calibrated.  The  sweep 
controls  are  manipulated  until  a  certain 
reference  waveform  specified  by  the 
maintenance  routine  is  obtained.  In  many 
maintenance  applications,  however,  calibration 
of  the  time  axis  is  necessary.  Such  calibration  is 
made  with  a  sweep  calibrator  which  supplies  a 
highly  stable  output  of  known  frequency. 
Consider  the  case  where  the  output  from  the 
sweep  calibrator  provides  a  sine-wave  signal  of 
1  megahertz  per  second  (MH^)  which  is 
injected  into  the  vertical  deflection  amplifier. 
The  horizontal  amplifier  and  sweep  controls 
are  then  adjusted  to  produce  a  single  sinc-wave 
cycle  display  1  inch  wide.  Siince  1  MHz 
corresponds  to  a  cyclic  period  of  1  ^tsec.  the 
horizontal  sweep  is  not  calibrated  for  1 
/Lisec/inch.  If  the  sweep  calibrator  supplies  a 
frequency  of  10  kHz»  a  cyclic  period  of  100 
/Lisec  is  obtained.  A  trace  made  to  be  I  inch 
long«  therefore*  has  a  horizontal  sweep 
calibrated  at  100  ^tscc/inch.  Expanding  (he 
display  to  4  inches  results  in  a  calibration  of  25 
^sec/inch. 

12*36.  Ketrace  time  is  aiso  ^ncludea  in  this 
type  of  time  axis  calibration,  and  thus  produces 
a  small  error.  The  retrace  time  generally 
occupies  only  a  small  percent  of  the  total  sweep 
time;  therefore*  this  calibration  error  can 
usually  be  neglected.  In  those  applications 
where  such  an  error  cannot  be  tolerated,  a 
marker  generator  must  be  used. 

I  2-37.  Marker  generator.  Sweep-time 
calibration  is  made  with  the  aid  of  marker 
pulses  produced  by  accurately  adjusted  runed 
circuits.  Ma'ker  Dulses  are  often  produced  b\ 
the  "ringing  *  of  a  successuMi  ot  tuned  Circuits 
by  the  sweep  oscillai<u  itself,  or  by  a  scpar.iic 
oscillator  of  the  multivibrator  type,  winch 
produces  a  continuous  series'  ot  harninnics 
spaced  at  convenient  intervals. 

12-38.  Some  types  o\  internal  marker 
generators  are  connected  by  suitable  amplifiers 
to  the  grid  of  the  cathode-ray  tube  and  are  irlso 
controlled  by  the  sweep  generator  so  that  btith 
the  sweep  and  the  markers  are  initiated  at  zero 


•.w^c-p  linvj.  In  this  wav  the  sv  cep  is  divided 
into  ocual  increments.  1  he  displays  trace  is 
ir>ictisified  during  that  ptrriud  ui  the  marker 
signal  which  makes  tlie  griJ-to-cathode 
jjotuntia!  loss  negictive.  The  displayed  signal 
irom  [he  vertical  amplifier  is  tfien  'chopped 
up  *  into  a  .series  ot  bright  segments  of  known 
length  in  leims  of  time.  Typical  marker 
interval^  aie  swiich  seieciwU  to  give  U. 2-,  1 -,  10- 
.  100-,  and  .>(K)-|isec  markers. 

12-39.  .Another  method,  using  the  vertical 
deflection  amplifier,  mixes  a  succession  of  fixed 
markers  with  the  signal  under  investigation. 
Figure  40,  A,  shows  a  signal  undergoing 
inspection  that  does  not  have  markers;  thus, 
there  is  no  way  of  gauging  whether  the  pulses 
are  of  the  correct  width  or  whether  the  spacing 
between  the  pulses  is  accurate.  Ry  injecting 
marker  pulses  into  the  vertical  amplifier, 
spaced  at  accurately  known  intervals  (see  fig. 
40, B),  we  can  now  determine  whether  or  not 
the  pulses  are  arriving  at  the  precise  time 
desired  and  whether  or  not  ihcy  are  of  the 
correct  width. 

1  2-40.  Other  types  of  markers,  such  as  signal 
or  absorption  markers,  are  also  used.  These 
types  of  markers  are  generally  obtained  from 
aL.xiliar>  equipment  and  are  injected  or  mixed 
with  ihc  signal  under  observation  at  the  vertical 
input  terminals  of  the  oscilloscope  or 
synchroscope. 

12-4i.  I'oUa^e  calibrator.  In  many  test  anu 
alignment  procedures,  a  signal  of  known 
amplitude  and  waveform  is  required  at  the 
input  of  an  amplifier,  so  that  the  resultant 
output  of  the  amplifier  may  be  observed, 
measured,  and  analyzed. 

12-42.  The  amplitude  of  the  waveform 
displayed  may  be  measured  by  using  a  device 
known  as  a  voltage  calibrator.  Voltage 
calibrators  may  he  manufactured  as  auxiliary 
equipment,  or  they  may  be  featured  as  part  of 
the  internal  circuitry. 

12-4.'^.  The  fixed  reference  type  ot  voltage 
calibrator  clips  the  peaks  ot  the  bO-hertz  .\C 
ti lament  sc^urce  to  closely  approximate  the 
shape  of  a  square  wave.  The  clipping  divides  act 
also  as  clamps  to  proilucc  a  fixed  peak-to-peak 
signal  of  3  vol!>  at  an  4>utpui  terminal.  Injection 
o\  this  ."^-vi^it  peak-io-peak  signal  into  the 
vertical  amplifier  permits  you  to  manipulate  ihe 
controls  \o  obtain  a  display  detlectcd  to  some 
convenient  number  of  divisi^ms  on  the  scope 
calibration  grid  Hie  calibrating  signal  l^  then 
rem4>vcti  and.  ithi>ui  changing  any  ctjntrol 
setrniiZs.  the  uokno'An  Mgnal  is  NUbsinuicd  u> 
give  a  new  JiNj.)ia>  The  number  <m  divisiiMis  o\ 
the  cahbriini>a  end  .irc  ct»unted  and  the  peak- 
to-peak  signal  IS  calculated:  the  calculation  is 
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Figure  40.  Marker  injection. 
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buscti  upi)n  proporiionaie  deflection  with 
respect  ti)  the  original  display. 

12-44  (Jther  voltage  calibrators  provide  a 
variable  calibrated  control,  permitting  you  to 
measure  the  amplitude  of  displayed  signals  by 
comparing  the  unknown  voltage  with  a  variable 
amplitude  pulse  of  km>wn  value.  The  displayed 
ampliiudc  of  the  calibrating  signal  is  adjusted 
ti)  equal  ihe  amplitude  of  the  displayed  signal 
under  investigiition.  The  reading  of  the 
calibrated  control  may  then  be  used  directly  or 
it  may  be  calculated,  as  required. 

12-45  Rrtrace  hlankinfi.  The  sawtooth 
waveform  generated  by  the  sweep  generator  has 
been  discussed  in  detail  with  respect  to  the 
trace  tmie.  but  little  has  been  said  about  the 
retrace,  or  flyback,  time. 

12-46  Retrace  time  is  the  time  required  to 
switch  the  electron  beam  from  the  right-hand 
side  of  the  viewing  area  to  the  left-hand  side 
priur  to  initiating  a  new  sweep.  The  time 
required  to  switch  the  beam  varies  with  circuit 
constants,  ranging  from  a  few  percent  of  the 
total  sawtooth  sweep  time  in  special-purpose 
oscilloscopes  to  as  much  as  IS  percent  in 
general-purpose  oscilloscopes.  The  intensity  of 
the  retrace  depends  upon  the  fundamental 
sawtooth  repetition  rate.  If  the  fundamental 
repetition  rate  is  low,  the  retrace  is  still  clearly 
visible,  even  though  the  retrace,  as  compared 
with  the  forward  trace,  is  extremely  rapid. 

I  2-47.  Displays  of  low-frequency  waveforms 
are  least  affected  by  retrace  time,  since  the 
percentage  of  the  waveform  lost  during  the 
trace  is  small.  The  effect  of  this  portion  of  the 
sawtooth  .sweep  becomes  progressively  more 
noticeable  until  at  some  higher  frequency  a  full 
cycle  is  displayed  during  retrace. 

12-48.  Rectangular  waveform  displays  at 
high  rep£f|ition  rates  can  become  confusing 
beca(Li:ve  of  the  retrace  portion  of  the  display 
(see  fig.  41).  A  segment  of  a  recurring  cycle  is 
dtsptaved.  consisting  of  a  series  of  rectangular 
pulses  that  are  periodically  blanked  in 
accordance  with  some  circuit  operating  cycle. 
The  displav  is  confusing  because  it  does  not 
show  the  waveform  expected. 


12-49.  To  overcome  this  difficulty,  a  pulse 
of  the  proper  amplitude  and  polarity  is  used  to 
drive  the  grid  of  the  cathode-ray  tube  to  cutoff 
during  retrace  time.  Thus,  retrace  blanking  is 
actually  an  interruption  of  the  electron  beam 
during  the  time  when  the  beam  is  being 
switched  from  the  right-hand  side  to  the  left- 
hand  side  of  the  viewing  area  prior  to  the  next 
sweep.  When  the  sawtooth  sweep  is  initiated 
once  again,  the  grid  of  the  cathode-ray  tube  is 
unblanked,  permitting  the  electron  beam  to 
excite  the  screen  phosphor. 
.  12-30.  Figure  42  shows  the  same  signal  as 
previously  shown  in  figure  41,  but  with  retrace 
blanking  taking  place.  Notice  that  the  retrace 
time  used  throughout  the  discussion  shows  that 
retrace  time  can  prevent  the  display  of  a 
considerable  portion  of  the  total  signal  under 
observation.  This  is  true  whenever  the 
repetition  frequency  is  high  enough.  As  we  have 
previously  explained,  the  loss  of  the  pulse  is 
due  to  a  relatively  long  retrace  time  and  cannot 
be  altered  by  retrace  blanking. 

12-51.  Expanded  sweep.  Circuitry  to  permit 
the  expansion  of  selected  segments  of  the^ 
display  in  the  horizontal  direction  are  featured 
in  many  types  of  oscilloscopes  and 
synchroscopes.  By  the  use  of  such  equipment, 
the  leading  and  trailing  edges  of  expanded 
pulses — especially  in  radar  maintenance 
routines — can  be  explained  in  much  greater 
detail.  A  positioning  potentiometer  is  used  to 
control  a  delay  trigger  circuit  so  that  the 
expanded  sweep  commences  at  any  selected 
point  with  respect  to  the  normal  forward  trace 
of  the  sawtooth  sweep.  Additional 
amplification  of  the  sweep  from  the  trigger 
point  produces  a  sawtooth  waveform  that  is 
deliberately  distorted  by  a  known  factor.  This 
added  amplification  is  fixed  to  some  value  such 
as  3X,  5X,  or  lOX,  or  a  switch  may  be 
provided  to  select  the  expansion  factor  desired. 
The  switch  is  calibrated  as  a  multiplier  so  that 
the  sweep  rate  through  the  expanded  portion  of 
the  display  may  be  calculated.  Provision  is 
made  in  some  of  these  instruments  for  adjusting 
the  expansion  notch  to  a  width  that  is  IS  to  25 
percent  of  the  total  sweep  length  anywhere 
along  the  length  of  the  normal  sawtooth  length. 
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Figure  4i 

13.  Oscillosicopc  Controls  and  Operating 
ConMdcratlons^ 

13-1.  You  are  well  aware  of  the  fact  that  the 
measurement  and  comparison  of  waveforms  is  a 
very  important  part  of  the  circuit  analysis  used 
in  troubleshooting.  In  some  circuits  (for 
example,  pulse  circuits),  waveform  analysis  is 
indispensable.  Waveforms  may  be  observed  at 
test  points  s^hown  in  waveform  charts  or 
schematic  diagrams  that  arc  a  part  of  Air  Force 
technical  manuals  supplied  for  each  equipment. 
You  should  realize,  however,  that  the 
waveforms  given  in  instruction  books  are  often 
idealized  and  do  not  show  some  of  the  details 
that  are  normally  present  when  the  actual 
waveform  is  displayed  on  an  oscilloscope  or 
synchroscope.  Nevertheless,  by  comparing  the 
observed  waveform  with  the  reference 
N^veform,  faults  can  be  localized  rapidly. 


icct  of  retrace. 

13-2.  If  there  is  no  trouble  present  in  the 
equipment,  a  waveform  observed  at  a  point  in 
the  equipment  should  closely  resemble  the 
reference  waveform  given  for  that  test  point. 
The  reference  waveforms  supplied  in  the 
technical  manuals  arc  the  criteria  of  proper 
circuit  performance.  However,  test  equipment 
itself  or  the  use  of  test  equipment  can  cause 
distortion  of  the  observed  waveforms,  even 
though  the  equipment  is  operating  normiilly. 
We  discuss  several  of  the  most  common  causes 
of  these  conditions  in  this  section — and  also 
remind  you  of  some  practical  considerations 
and  precautions  ot  importance. 

13-3.  Control.  Most  Air  Force  technical 
manuals  clearly  state  when  and  where  to 
connect  an  oscilloscope  into  a  circuit  to 
perform  preventive  or  corrective  maintenance 
procedures.    These    manuals    also  have 
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Figure  42.  Effect  of  retrace  blanking. 


illustrations  to  show  you  the  appearance  of  the 
desired  waveform  at  selected  points.  The  choice 
and  manipulation  of  oscilloscope  controls, 
except  for  special  routines,  is  left  to  your 
discretion.  NOTE:  Unfortunately,  displays 
often  show  waveforms  at  points  not  discussed 
by  these  manuals;  in  addition,  the  displays 
shown  may  be  modified  by  adjustment  of 
controls  which  are  not  mentioned  in  the  text  of 
the  routine,  because  you  are  expected  to 
manipulate  the  controls  without  being 
instructed  to  do  so. 

13-4.  Focus  and  intensity.  The  two  basic 
controls  affecting  the  readability  of  the  scope 
display  are  the  beam  intensity  and  focusing 
controls.  These  two  controls  are  considered 
together  because  they  interact  to  such  an  extent 
that  the  adjustment  of  one  usually  requires  the 
adjustment  of  the  other. 

13-S.  The  intensity  control  is  used  to  adjust 
the  spot  to  the  brightness  desired.  When  the 
spot  has  no  motion,  it  becomes  brighter,  larger, 
and  out  of  focus  as  the  intensity  control  is 


rotated  toward  maximum  intensity.  Further 
rotation  of  this  control  produces  secondary 
emission  effects,  causing  a  halo  around  the 
spot.  When  the  halo  appears,  the  intensity 
control  must  be  decreased  to  eliminate  the  halo 
before  the  fluorescent  screen  is  permanently 
damaged.  The  halo  from  an  excessively  bright 
spot  disappears  to  some  extent  when  the 
electron  beam  is  subjected  to  the  deflection 
fields,  because  the  energy  in  the  electron  beam 
is  distributed  over  a  much  greater  area.  The  use 
of  the  spot  in  this  condition  produces  a  wide 
trace  and  tends  to  obliterate  or  mask  any 
available  fine  detail. 

13-6.  The/ocM5  control  is  used  to  produce  a 
round  spot  with  a  clearly  defined  edge.  A 
stationary  spot  becomes  smaller  and  charper 
when  the  focus  control  is  rotated  toward  the 
maximum  value.  Further  rotation  of  this 
control  beyond  the  focal  point  again  produces 
an  out-of-focus  spot. 

13-7.  A  poorly  focused  spot  can  result  in  an 
elliptical  instead  of  a  round  spot.  When  the 
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Figure  43.  Poor  focusing. 

elliptical  spot  i$  set  into  motion  under  the 
influence  of  deflecting  fields,  it  is  noticeable  as 
a  line  of  variable  thickness.  For  example,  if  the 
ellipse  is  lying  horizontally,  it  produces  a  thin 
line  only  at  the  peaks  of  a  sine  wave,  while  the 
positive-  and  negative-going  portions  of  the 
sine  wave  are  considerably  thickened,  as  shown 
in  figure  43. 

1 3-8.  Depending  upon  the  velocity  of  the 
spot,  an  increase  in  spot  intensity  may  be 
required,  because  the  rapidly  moving  spot  does 
not  remain  in  one  position  long  enough  to  fully 
excite  the  phosphor  screen  of  the  cathode-ray 
tube.  This  effect  may  often  be  observed  when 
you  are  viewing  sqaure  waves  where  the  rise 
and  decay  times  are  extremely  rapid  (see  fig. 
44). 

13-9.  Cain.  The  basic  controls  that 
determine  the  size  of  the  oscilloscope  display 
are  potentiometers  used  as  the  horizontal  and 
vertical  gain  controls.  The  horizontal  gain 
control  permits  the  width  of  the  display  to  be 
increased  or  decreased;  similarly,  the  vertical 
gain  control  permits  the  height  of  the  display  to 
be  increased  or  decreased* 

13*10.  An  attenuator  preceding  the  gain 
control  is  sometimes  encountered  and  is  usually 
associated  with  the  vertical  amplifier.  The  step 
attenuator,  often  referred  to  as  a  multiplier,  is 
usually  calibrated  in  steps  of  IX,  3X,  I  OX, 
30X,  and  lOOX;  the  attenuation  at  each  step  is 


Figure  44.  Effect  of  trace  speed  on  beam  intensity. 


expressed  with  respect  the  .iiicnuatitjn  range 
at  step  IX.  Operation  of  this  controL  results  in 
abrupt  changes  in  the  oscilloscope  display 
because  of  sharp  changes  in  the  input  signal 
level.  The  attenuator  is  called  a  multiplier 
because  the  oscilloscope  can  be  used  as  a  direct 
reading,  peak-io-pcak  voltmeter,  once  the 
vertical  amplifier  is  calibrated.  Calibration  is 
accomplished  by  setting  the  attenuator  to  IX, 
injecting  a  signal  of  known  amplitude,  follwed 
by  a  display  adjustment  to  vertical  dimensions 
of  convenient  known  height.  Advancing  the 
gain  control  too  far  for  a  given  signal  or 
applying  a  signal  that  exceeds  the  amplification 
capabilities  of  the  horizontal  or  vertical 
amplifiers  results  in  overloading  and, 
consequently,  distortion. 

13-11.  Interpretation  of  an  observed 
waveform  depends  greatly  upon  proper 
proportioning  of  the  horizontal  and  vertical 
dimensions  of  the  oscilloscope  display. 
Uncertainty  or  lack  of  knowledge  concerning 
the  signal  that  an  amplifier  is  processing, 
together  with  improper  display  proportioning, 
can  lead  to  an  erroneous  conclusion 
concerning  the  test  circuit.  Figure  45  shows  the 
display  of  a  trapezoidal  waveform  where  the 
horizontal  and  vertical  dimensions  are 
acceptable.  By  contrast,  if  both  the  horizontal 
and  vertical  gain  controls  are  changed  in  a 
random  manner  so  that  the  change  in  the 
vertical  direction  predominates  to  produce  the 
oscilloscope  display  shown  in  figure  45,A,  the 
characteristics  of  the  trapezoidal  waveform 
shown  in  figure  43, B,  become  masked.  If  you 
had  no  previous  knowledge  that  the  waveform 
was  supposed  to  be  a  trapezoid,  you  could 
reach  the  erroneous  conclusion  that  the  display 
was  a  sawtooth  waveform.  On  the  other  hand,  if 
you  know  that  the  circuit  processes  a 
trapezoidal  wave  and  wish  to  closely  inspect  the 
waveform  for  any  irregularities,  such  a 
proportioning  of  the  display  is  entirely 
acceptable  and  advisable.  Changing  the 
horizontal  and  vertical  gain  controls  once  more 
to  the  opposite  extreme  so  that  the  display  is 
exaggerated  predominantly  in  the  horizontal 
direction  pfoduces  a  waveform  like  that  shown 
in  figure  4S,C.  Under  these  conditions,  the 
trapezoidal  waveform  viewed  on  the 
oscilloscope  screen  could  be  interpreted  as  a 
sawtooth  waveform  with  excessive  retrace  time. 

13-12.  A  height-to-width  ratio  of 
approximately  2:3  or  4:5  provides  optimum 
display  proportions  for  general-purpose 
waveform  examinations.  Once  you  arc  certain 
of  the  waveform  you  are  inspecting,  expansion 
(maintaining  the  same  ratio)  or  exaggeration  of 
the  waveform  in  the  vertical  or  horizontal 
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TRATCZOIOaL  WAVCFORM  INCORRCCTLY  PROPQRTIONCO; 
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Figure  45   Ver(ical-(o-hori2ontal  proportioning. 


direction  to  observe  waveform  irregularities 
may  be  very  advantageous. 

13-13.  Sometimes  the  signal  at  the  point 
under  examination  is  so  small  that  a  display  of 
more  than  1/2  inch  in  the  vertical  dimension 
cannot  be  obtained.  The  horizontal  dimension 
of  the  display  must  also  be  reduced  so  that  the 
display  is  correctly  proportioned.  A  reduction 
in  beam  intensity,  followed  by  a  refocusing  of 
the  spot,  generally  produces  a  display  that  is 
easier  to  view. 

13-14.  Positioning.  The  vertical  and 
horizontal  positioning  controls  permit  you  to 
shift  the  position  of  the  entire  desplay  to  any 
portion  of  the  viewing  area  desired.  The 
vertical  positioning  control  is  a  continuously 
variable  potentiometer  that  permits  the  display 
to  be  moved  up  or  down  by  any  amount, 
including  those  positions  away  from  the 
viewing  area.  Similarly,  the  horizontal 
positioning  control  permits  the  side-to-side 
movement  of  the  entire  display. 
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13-15.  Occasionally,  during  an  examination 
of  a  waveform,  irregularities  may  be  noticed  at 
or  near  some  extremity  of  the  display.  The 
display  may  be  enlarged  by  means  of  other 
scope  controls  and  then  positioned  by  the 
horizontal  and  vertical  positioning  controls  so 
that  the  irregularity  under  inspection  appears 
within  the  center  of  the  viewing  area.  The 
remainder  of  the  signal,  of  which  the 
irregularity  is  only  a  small  part,  is  then 
'deflected  off  the  screen  toward  the  neck  of  the 
cathode-ray  tube  where  these  portions  of  the 
signal  cannot  be  viewed.  At  the  edges  of  the 
tube,  the  display  being  deflected  off  the  screen 
widens  and  becomes  considerably  blurred  at 
the  rim  of  the  tube.  This  distortion  is  due  to  the 
curvature  and  reinforcing  thickness  of  the  glass 
at  this  point  of  the  tube  envelope. 

13-1]^.  When  expanding  a  display  for  the 
purpose  of  close  signal  inspection,  you  may 
also  expect  some  distortion  at  or  near  the 
maximum  control  positions.  Such  distortion 
should  not  be  attributed  to  the  cathode-ray 
tube,  because  it  is  due  to  nonlinearity 
characteristics  of  the  horizontal  and  vertical 
amplifiers. 

13-17.  The  horizontal  and  vertical 
positioning  controls  also  serve  a  secondary 
purpose.  Since  the  structural  imperfections  in 
the  manufacture  of  cathode-ray  tubes  may  cause 
the  beam  to  strike  at  some  point  other  than  the 
center  of  the  screen  when  no  deflecting  signals 
are  applied,  it  is  necessary  to  provide  some 
means  of  positioning  the  beam.  This  is  usually 
done  by  applying  small  DC  potentials  to  the 
deflection  plates  by  means  of  potentiometers 
similar  to  those  described  earlier  and 
illustrated  in  figure  33. 

13-18.  Polarity  reversal.  Comparison 
between  the  reference  waveform  and  the  display 
obtained  from  operating  equipment  can  best  be 
made  if  it  is  known  which  direction  the  spot 
moves  when  a  positive  voltage  is  applied. 
Normally,  oscilloscopes  provide  an  upward 
spot  deflection  with  a  positive  input  signal. 
However,  some  oscilloscopes  provide  a 
switching  arrangement  in  the  vertical  amplifier, 
whereby  the  beam  can  be  switched  to  provide 
either  an  upward  or  a  downward  deflection 
with  a  positive  input  signal.  This  switch  may  be 
located  in  the  grid  section  of  the  vertical  input 
amplifier  or  at  the  grid  or  grids  of  the  vertical 
output  amplifier. 

13-19.  Frequency.  The  coarse  and  fine 
frequency  controls  i)i  an  oscilloscope  permit 
you  to  change  the  trequcncy  of  the  sawtooth 
sweep  generator,  The  coarse  frequency  control 
is  a  muitiposition  rotary  switch  that  permits  you 
to    select    the   desired    range    of  samooth 
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13-20.  The  selection  of  ditferen;  types  ot 
horizontal  ampliticr  signal?  is  also  deterpuncd 
by  the  setting  of  the  coarse  frequency  control. 
Five  or  six  positions  of  the  coarse  frequency 
control  are  used  to  cover  the  full  frequency 
range  of  the  iiuernal  sawtooth  sweep  gcneraior. 
Sine-wave  signals  are  widely  used  for  time-ba.se 
sweep  applications.  Such  signals  are  easily 
obtained  from  the  60-hertz  power  source 
within  the  oscilloscope.  This  60-hertz,  or  line 
sweep,  signal  is  usually  available  at  the  course 
frequency  control,  but  some  oscillos'jopes 
provide  this  signal  from  a  separate  terminal.  In 
some  applications,  the  60-hcrtz  sicnal  is  not 
suitable  for  the  best  display.  A  '^direct*'  position 
is  provided  on  the  coarse  frequency  control  lo 
permit  the  use  of  sine  waves  at  frequencies 
other  than  60  Hz  and  to  display  waveforms 
resulting  from  time  bases  other  than  those 
available  within  the  scope.  The  sawtooth  sweep 
generator  is  disabled  by  the  coarse  frequency 
control  when  either  the  line  sweep  function  or 
the  direct  function  is  selected. 

13-21.  The    fine   frequency   control,  in 
conjunction  with  the  coarse  frequency  control, 
permits  you  to  select  the  time  base  required  to 
display  as  many  cycles  or  pulses  as  desired  to 
view  the  waveform  under  investigation.  This 
control  is  uncalibrated,  except  for  markings 
which  permit  you  to  estimate  some  previous 
position.  Calibration  of  this  control  is  not 
required  because  you  are  not  actually  interested 
in  the  time-base  frequency,  except  as  a  means  of 
obtaining  a  convenient  display.  The  frequency 
of  the  time-base  sweep  generator  can  be  easily 
determined  by  injecting  a  known  frequency  into 
the  vertical  amplifier  and  then  manipulating  the 
coarse   and   fine   frequency   controls   for  a 
stationary  pattern  of  one  complete  cycle.  Under 
these  conditions,  if  the  injected  signal  is  a  sine 
wave  of  1000  Hz,  then  one  sine  wave  lasting 
I/l 000th  of  a  second  is  displayed  by  one 
sawtooth  wave,  also  lasting  for  1/1 00th  ot  a 
second.  Therefore,  the  frequency  of  the  time- 
base  sweep  generator  is  also  1000  Hz  and  is 
thus  a  1:1  frequency  ratio.  If  the  pattern  is  not 
stationary,  then  the  method  described  is  not 
valid  and  cannot  be  used  with  accuracy.  It  is 
easy    to    stop    an    oscilloscope  waveform 
displayed   by   use  of  these   controls  if  the 
frequency  of  the  waveform  under  investigation 
is    within    the    frequency    limits    of  .the 
oscilloscope. 

13-22.  Thus  far,  our  discussion  of  the  coarse 
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and  fin:  trcuL;ency  coutm:  nas  been  limited  to 
tnosc^  Cuses  whcie  the  sv/ccp  trcquc^icy  is  equal 
u)  the  frequency  ot  me  waveiorni  under 
investigation.  Let  us  hricfly  recall  iwo  cuses 
where  the  time-base  swcr?p  frequency  is  l(»wer 
or  higher  than  the  frequency  t)f  the  waveform 
applied  to  the  vcriical  input  icrniinals. 

13-23.  Whenever  tv.o  or  more  conipletc 
cycles  of  an  input  waveform  are  displayed, 
whether  stationary  or  not,  rhe  frequency  of  the 
time-base  sweep  generator  is  lower  than  ih:\i  t»f 
the  input  waveform.  When  the  display  is 
adjusted  for  a  stationary  pattern,  the  frequency 
of  the  time-base  generator  may  be  calculated,  if 
the  input  frequency  is  known,  by  dividing  the 
input  frequency  by  the  number  ot  complete 
cycles  displayed. 

13-24.  Many  apparently  odd  and  unusable 
patterns  are  displayed  on  the  oscilloscope  when 
the  frequency  of  the  time-base  sweep  generator 
is  higher  than  the  frequency  of  the  waveform 
under  investigation.  Such  patterns  arc  not 
entirely  unusable  since  they  may  convey  useful 
information  to  the  observer. 

13-25.  Assume  you  have  a  sine-wave  input 
signal  of  60  Hz  to  the  vertical  amplifier.  At  the 
same  time,  the  time-base  generator  is  furnishing 
a  sweep  signal  to  the  horizontal  amplifier  at 
120  Hz  to  give  a  stationary  display.  Refer  to 
figure  46,A.  One  complete  sweep  of  the  time- 
base  generator  displays  only  one-half  of  the 
sine  wave  before  returning  to  the  left-hand  side 
of  the  scope  viewing  area.  If  the  sine  wave  starts 
from  zero  toward  its  maximum  value  at  the 
same  instant  that  the  time-base  generator  starts 
sweeping  from  its  zero  value,  then  the  entire 
positive  portion  of  the  sine  wave  (points  a,  h, 
and  c)  is  displayed  during  this  sweep.  As  the 
generator  once  more  initiates  its  sweep,  the  sine 
wave  is  at  its  zero  point,  going  toward  its 
maximum  negative  value.  The  display  at  the  end 
of  this  second  sweep  shows  one  complete  sine 
wave,  with  the  positive  half  positioned  over  the 
top  of  the  lower  half. 

13-26.  Now  assume  that  the  sawtooth  sweep 
is  initiated  at  point  h,  the  maximum  positive 
value  of  the  sine  wave,  at  the  same  instant  that  a 
sweep  is  initiated.  A  second  stationary  pattern, 
as  shown  in  figure  46, B.  can  be  obtained  under 
similar  conditions  by  changing  the  phase  of  the 
60-hertz  sine-wave  input  with  respect  to  the 
sweep  of  the  time-base  generator, 

13-27.  The  entire  positivc-to-negati ve 
alternation  of  the  input  waveform  is  displayed 
during  the  first  sweep  of  the  time-base 
generator.  After  being  returned  to  the  left-hand 
side  of  the  viewing  area  during  the  retrace 
period,  the  sweep  is  initiated  tor  the  second 
time  to  displav  negative-to-positive  alternation 
of  the  sine  wave.  Once  again,  the  time-base 
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Figure  46.  Paiterns  when  sweep-co-stgnal  ratio  is  2:1. 


c 


generator  has  used  two  sweeps  to  display  one 
complete  cycle  of  the  input  waveform. 

13-28.  In  either  case  cited,  the  input 
waveform  has  been  ''chopped  up"  into  two 
segments  for  the  display.  Figure  47  shows  the 
stationary  displays  presented  by  an  oscilloscope 
for  a  vertical-to-horizontal  frequency  ratio  of 
1:3.  The  1:3  ratio  is  shown  for  two  different 
phase  relationships.  These  traces  may  also  be 
inverted,  depending  again  upon  the  phase 
relationships  between  the  two  signals. 

13-29.  Synchronizing.  The  synchronizing 
control  found  on  all  oscilloscopes  permits  a 
portion  of  the  signal  beigg  amplified  in  the 
vertical  section  to  be  injected  into  the  time-base 
generator  for  the  purpose  of  producing  a 
stationary  waveform  display. 

1 3-30.  Throughout  our  dicussion  about 
time-base  sweep  controls,  we  have  emphasized 
the  stationary  display.  A  signal  supplied  to  the 
vertical  amplifier  which-  bears  some  integral 
frequency  and  phase  relationship  to  the  signal 
produced  by  the  horizontal  amplifier  produces 
a  stationary  display.  A  consideration  of  the 
frequency  tolerances  and  stability 
characteristics  of  electronic  equipment,  in 
general,  y  shows   that    it    is   improbably  to 


consistently  maintain  these  frequency  md 
phase  requirements.  Therefore,  the 
synchronizing  control  is  included  as  a  parr  of 
the  oscilloscope  circuitry  to  obtain  a  stationary 
display  for  a  detailed  waveform  investigation. 

13-31.  A  potentiometer  is  used  as  'he 
synchronizing  control,  to  permit  you  to  injec: 
as  much  .  of  the  synchronizing  signal  as 
necessary  to  produce  a  stationary  display 
pattern.  The  adjustment  of  this  control  is  no: 
critical,  but  the  use  of  too  much  synchronizing 
signal  can  cause  severe  distortion  of  t!ie 
observed  signal.  This  is  due  to  erratic 
functioning  of  the  time-base  generator. 

13-32.  If  the  synchronizing  control  ;s 
advanced  too  far,  the  amplitude  of  ihe 
synchronizing  signal  produces  a  distorted 
sweep  signal.  Inspection  of  figure  48  reveals 
that  the  excursion  of  the  injected  signal  has 
initiated  two  sweeps  per  cycle  of  the  applied 
signal.  Under  these  conditions,  the  resultant 
time  base  was  plotted  against  the  applied  signal 
produced  by  the  vertical  amplifier  to  obtain  a 
graphical  representation  of  the  scope  display,  as 
shown  in  figure  49.  The  display  is  undesiraole 
in  this  form  because  it  is  difficult  to  visualise 
the  type  of  signal  applied  at  the  vertical  input 
terminal.    Despite   the   undesirable  double 
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Figure  48.  An  effect  of  excess  synchronizing 
signal  upon  the  sweep. 
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incorrect  sychronizing  control  adjustment. 
Note  that  the  amplitude  and  length  of  the  linear 
sweep  are  different  for  each  sawtooth.  This  time 
base  is  plotted  against  the  signal  output  from 
the  vertical  amplifiers  to  obtain  the  resulting 
display  shown  in  figure  31. 

13-34.  The  synchronizing  signal  may  be 

injected  directly  into  the  time-base  generator 
from  a  source  external  to  the  scope.  The  need 
for  external  sync  depends  chiefly  upon  the  type 
of  signals  undergoing  observation. 

13-35.  Intensity  modulation.  Many  scopes 
provide  an  external  terminal  for  the  injection  of 
a  signal  directly  into  the  cathode-ray  tube, 
through  its  grid  or  cathode  circuit,  to  modulate 
the  moving  electron  beam.  This  terminal  is 
called  by  one  of  two  common  names— Z-flxis 
input  or  intensity  modulation  input, 

13-36.  Variation  of  the  grid-to-cathode 
potential  changes  the  density  of  the  electron 
beam  within  the  cathode-ray  tube  and  in  this 
manner  determines  the  intensity  of  the  light 
emitted  from  the  fluorescent  screen. 

13-37.  Although  any  type  of  waveform 
produces  intensity  modulation,  the  preferred 
type  of  signal  is  in  the  form  of  sharp  pulses  to 
permit  precise  measurement  of  the  time  interval 
between  pulses.  These  pulses,  termed  markers, 
should  be  of  short  duration  with  a  high 
repetition  rate  with  respect  to  the  signal  being 
examined.  The  resultant  display  on  the 
cathode-ray  tube  will  have  a  number  of 
alternate  bright  or  dark  spots  corresponding  to 
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Figure  49  Display  resulting  from  a  distorted  stable  sweep. 

sweep,  inspection  of  the  resultant  time  base 
with  respect  to  the  synchronizing  signal  shown 
in  figure  48  shows  that  the  repetition  rate  of  the 
time-base  signal  remains  constant.  The  pattern 
remains  stationary,  being  continuously 
displayed  as  a  signal  trace,  until  corrective 
action  is  taken. 

13-33.  Another  example  of  excessive 
synchronizing  signal  amplitude  is  shown  in 
figure  50  and  51.  Investigation  of  figure  50 
shows  how  the  frequency  of  the  time-base 
generator  has  become  unstable  because  of 
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Figure  50.  Distorted  sweep  caused  by  improperly  adjusted  sync. 
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Figure  51.  Display  resulting  from  a  distorted  unstable  sweep. 


the  occurrence  of  the  markers,  depending  upon 
whether  they  increase  or  decrease  the  beam 
intensity. 

13-38.  If  the  marker  signal  is  introduced  at 
the  grid  of  the  cathode-ray  tube,  negative  pulses 
cut  off  the  electron  beam  so  that  no  trace  is 
produced;  during  the  next  interval,  the  beam  is 
permitted  to  stroke  the  fluorescent  screen  to 
produce  a  normal  intensity,  spot.  If,  on  the 
other  hand,  the  marker  pulses  are  positive,  the 
beam  intensity  is  increased  so  that  a  trace  of 
increased  brilliance  can  be  observed;  during  the 
next  interval,  the  beam  is  returned  to  normal 
intensity.  The  amplitude  of  the  marker  signal  is 
relatively   unimportant,   except   that  the 
amplitude  of  the  negative  marker  signals  must 
be  sufficient  to  drive  the  grid  of  the  cathode-ray 
tube  to  cutoff.  When  the  marker  signal  is 
produced  at  the  cathode  of  the  display  tube,  the 
polarity   of  the   marker   signals   must  be 
interchanged   to  maintain   the  conditions 
presented  in  the  preceding  paragraph. 

13-39.  In  most  scopes  that  provide  this 
feature,  the  intensity  modulation  circuit  is.  a 
simple  RC  network.  The  frequency  of  the 
marker  signal  must  lie  within  the  passband  of 
the  Z-axis  circuit,  or  frequency  discrimination 


in  the  form  of  signal  differentiation  will  take 
place. 

13-40.  The  input  terminal  for  the  Z-axis  is 
not  always  located  on  the  front  panel  of  the 
oscilloscope.  It  is  often  found  on  the  rear 
chassis  apron. 

13-41.  Operating  Considerations.  The 
oscilloscope  and  synchroscope  are  subject  to 
limitations  and  malfunctions,  just  as  any  other 
electronic  device.  Although  some  precautions 
for  scopes  have  been  previously  stated  or 
implied,  we  also  include  them  here  for  added 
emphasis  and  convenience. 

13-42.  Precautions.  When  you  use 
oscilloscopes,  it  is  advisable  never  to  operate 
an  oscilloscope  with  the  case  removed,  since 
high  voltages  are  exposed  that  can  cause  fatal 
shock.  Removal  of  the  case  also  reduces 
shielding  of  the  instrument  from  stray  external 
fields. 

13-43.  Extreme  caution  should  be  exercised 
by  personnel  handiing  cathode-ray  tubes.  The 
glass  envelope  incloses  a  high  vacuum;  undue 
stresses  and  rough  handling  can  cause  serious 
injury,  due  to  tube  inipiosion.  The  tluoresccnt 
coating  of  the  cathode-ray  tube  is  extremely 
toxic.  When  handling  broken  cathode-ray 
tubes,  avoid  contact  with  this  material. 
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1 3.44.  Remember  thai  a  bright  spot  must  not 
be  permitted  to  remain  in  a  stationary  position 
on  the  nuoresceiit  screen;  the  energy  of  the 
electron  beam  concentrated  in  a  small  area  will 
burn  the  screen  coating.  Remember  also  to 
provide   a   good   bonding  between  the 
oscilloscope,  operating  equipment,  and  ground. 
Grounding  is  a  good  general  practice  to 
eliminate  electrical  shock   hazards  and  to 
produce  clear  displays  that  are  free  of  stray 
noise  signals.  Ground  connections  can  be 
greatly  improved  by  placing  the  equipment 
being  tested,   the   oscilloscope,   and  other 
accessory  equipment  on  a  large   sheet  of 
conductive   material   insulated  from  the 
workbench  top.  A  single  connection  between 
the  metal  sheet  and  ground  can  then  be  made. 
There  is  usually  an  exception  to  any  rule,  and 
those  circuits  that  operate  above  ground  are  the 
exception.  When  dealing  with  this  type  of 
circuit,  (1)  insulate  the  oscilloscope  from 
ground,  (2)  use  caution  during  measurement, 
and  (3)  break  the  connection  as  soon  as  the 
measurement  is  completed. 

13-45.  Know  the  operating  condition  of 
your  scope  and  other  test  equipment. 
Maintenance  routines  using  a  signal  generator 
and  a  scope  are  misleading  and  inconclusive  if 
either  or  both  test  equipments  are  causing,  or 
contributing  to,  a  faulty  display. 

13-46.  Input  impedances  of  oscilloscopes 
are  generally  high  enough  to  produce  negligible 
loading  of  the  circuit  under  observation;  so 
impedance    matching   is   seldom  required. 
However,  the  input  impedance  of  the  scope 
must  be  higher  than  or  equal  to  the  impedance 
of  the  circuit  under  investigation  if  detuning 
and  loading  effects  are  to  be  avoided.  Technical 
manuals   supplied   for   scope  maintenance 
usually  state  this  impedance  in  terms  of  a 
resistance   shunted   by   a  capacitor.  Low- 
impedance  coaxial  cables  are  often  used  in 
pulse  maintenance  engineering  techniques.  It  is 
imperative  in  these  cases  to  consider  the  types, 
lengths,    and    input   impedances   of  the 
connecting  leads.  High-impedance  frequency- 
compensated  probes  are  often  provided  as 
accessories  for  the  oscilloscope  to  prevent  any 
loading  and  detuning  effects  of  resonant  high- 
frequency  circuits.  These  probes  are  discussed 
later  in  this  chapter. 

13-47.  Oscilloscope  test  leads  should  be 
adequately  shielded  to  prevent  undesired 
coupling  effects,  the  lengths  of  open  wire  leads 
and  their  attendant  stray  capacitance  to  ground, 
coupled  with  a  high  input  impedance,  can  cause 
the  oscilloscope  amplifiers  to  develop  an 
appreciable  display  from  random  or  tray 
signals.  The  shielding  of  the  test  leads  should 


be  connected  to  the  ground  terminiils  adjacent 
to  their  input  terminals  to  prevent  interaction 
of  common  impedance  ground  loops  between 
different  terminal  points  on  the  scope  panel. 
This  is  especially  important  when  observing 
pulses,  while  using  external  synchronizing  and 
triggering  cables;  otherwise  you  risk  erratic 
triggering  of  the  sweep  generator. 

13-48.  Voltages  which  overload  the  input 
circuits  of  the  oscilloscope  should  not  be 
applied  to  the  input  terminals.  This  precaution 
applies  to  the  external  synchronizing  and  Z- 
axis  input  terminals  as  well  as  the  vertical  and 
horizontal  input  terminals.  Vertical  and 
horizontal  amplifiers  often  contain  an 
attenuator  to*  provide  control  over  large 
amplitude  signals,  but  many  of  these  same 
oscilloscopes  do  not  provide  similar  controls 
for  the  synchronizing  or  Z-axis  input  channels. 
When  working  with  large  amplitude  signals  at 
oscilloscope  inputs  lacking  attenuators,  wrap 
the  insulated  test  lead  around  the  input 
terminal  concerned  to  provide  sufficient 
coupling. 

13-49.  Some  oscilloscopes  provide  a  second 
vertical  input  terminal  connected  by  a  strap  to 
the  oscilloscope  ground  terminal.  The  purpose 
of  the  two  vertical  input  terminals  is  to  provide 
for  the  observation  of  balanced  signal  sources; 
the  strap  is  used  to  ground  the  unused  terminal 
during  inspection  of  single-ended  amplifiers. 

1  3-50.  Malfunctions,  Malfunctioning 
circuitry  within  the  oscilloscope  can  cause 
erratic  and  faulty  displays,  or  it  can  cause 
difficulties  in  the  manipulation  of  various 
operating  controls.  Potentiometers  used  as  the 
variable  amplitude  control  of  vertical  and 
horizontal  amplifiers  develop  small  scratches  in 
the  resistive  element  or  on  the  rotor  contact 
from  small  abrasive  particles  contained  in  dust. 
As  the  rotor  moves  over  the  marred  resistive 
element,  noise  signals  are  generated,  creating  a 
display  which  is  extremely  ragged  in 
appearance  and  which  may  or  may  not  bear 
some  resemblance  to  the  original  input  signal. 
The  characteristic  "grass"  display  resulting 
from  noise  signals  may  disappear  as  soon  as  the 
control  is  released,  continuing  the  display  of 
the  original  input  signal.  On  thv^  other  hand,  the 
"grass"  display  may  persist,  indicating  poor 
contact  between  the  rotor  and  the  resistive 
element  at  that  point.  Other  causes  of  noise 
displays  are  poor  input  connections  and 
microphonic  amplifier  tubes. 

13-51.  The  input  impedance  of  the  first 
amplifier  is  quite  high,  making  the  oscilloscope 
susceptible  to  stray  external  signals.  External 
fields,  especially  at  powerline  frequencies,  can 
be  picked  up  by  unterminated  oscilloscope 


f-igure  52.  Disf dried  displays  caused  hy  hum 
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leads.  Similarly,  rectangular  waves  in  the 
vicinity  can  be  picked  up  and  are  usually  mixed 
with  stray  powerline  displays  (see  fig.  52). 
Displays  of  this  nature  should  not  cause  any 
difficulty,  because  they  arc  usually  eliminated 


when  the  scope  ib  connected  tD  !hc  circuit 
under  test.  However,  hum  signals  i'lom  power 
transformers,  chokes,  and  soldering  irons  may 
be  strong  enough  to  aftect  the  display,  even 
though  connection  is  made  to  the  i/rcuii  under 
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observation.  Figure  53  is  an  example  of  the 
effect  these  devices  can  have  upon  the  display 
of  sine  waves. 


Figure  53.  Distortion  caused  hy  low -frequency  hum. 

14.  A  Typical  Oscilloscope 

14-1.  Now  that  you  have  learned  the  basic 
principles  of  an  oscilloscope,  let's  study  the 
waveform  interpretation  and  controls  of  a 
typical  multitrace  oscilloscope.  The  functional 
circuits  and  front  panel  controls  of  most 
oscilloscopes  are  very  similar.  Therefore,  we 
explain  only  the  functions  and  controls  of  a 
model  commonly  used  in  communications  and 
electronics  maintenance. 

14-2.  Figure  54  is  a  front  panel  view  of  the 
Tektronix  585A  with  type  82  plug-in  unit 
installed.  Like  most  test  equipment,  it  is 
composed  of  numerous  sections  and 
subsections  which  have  specific  functions  to 
perform.  As  each  section  is  discussed,  all  front 
panel  controls  associated  with  that  section  are 
also  discussed.  Throughout  this  discussion  you 
will  be  referred  to  figure  54  to  locate  the 
controls. 

14-3.  Sweep  Generation  and 
Synchronization.  The  versatility'  of  any 
oscilloscope  depends  largely  upon  its  sweep 
and  sweep  synchronization  circuits.  To  obtain  a 
stable  presentation,  the  sweep  circuits  must  be 
able  to  produce  a  sweep  voltage  that  is  in  sync 
with  the  displayed  signal.  The  sweep  generator 
musi  also  be  able  to  produce  a  sweep  voltage 
hcgmning  at  selected  times  with  respect  to  the 
vertical  signal.  It  the  sweep  generator  can  do 
these  things,  then  it  is  possible  to  present  any 
desirtd  part  of  the  vertical  signal  on  the  CRT 
indicator.  Some  oscilloscopes  accomplish  these 
functions  by  using  dual-sweep  generators  that 
can  operate  either  separately  or  in  conjunction 
with  each  other.  To  show  these  principles,  let  s 


use  the  oscilloscope  shown  in  figure  54.  The 
HORIZONTAL  DISPLAY  switch  on  the  upper 
right  front  of  this  oscilloscope  is  used  to  select 
the  desired  sweep  function.  These  functions, 
reading  counterclockwise  around  the  control 


from 

2  o*clock,  are  as  follows: 

• 

W  SINGLE  SWEEP. 

• 

"A"  SWEEP. 

• 

•*A"    SWEEP    DELAYED     BY  "B" 

SWEEP. 

• 

••B''  SWEEP   INTENSIFIED   BY  "A" 

SWEEP. 

• 

••B"  SWEEP. 

• 

EXTERNAL  SWEEP 

(UNATTENUATED  - 

XI). 

• 

EXTERNAL  SWEEP  (ATTENUATED  - 

XIO). 


Let's  discuss  these  in  the  order  of  most  frequent 
use,  starting  with  the  A  SWEEP. 

14^.  A  sweep.  When  this  sweep  function  is 
selected,  the  A  sweep  generator  and  its 
associated  circuits  function  independently  of 
the  B  sweep,  the  A  sweep  circuit  is  made  up  of 
these  units: 

•  A  synchronized  sweep  trigger  generator. 

•  A  sweep  generator. 

•  A  horizontal  sweep  amplifier. 

14-5.  The  trigger  generator  generates  the 
trigger  for  the  sweep  generator.  This  trigger  is 
synchronized  by  the  signal  being  displayed  by  a 
6.3-volt  AC  line  signal,  or  by  an  external  sync 
signal.  When  using  this  type  of  oscilloscope,  it 
is  up  to  you  to  decide  how  the*  sweep  can  be 
most  effectively  synced  and  then  set  the 
associated  front  panel  control  to  the  desired 
trigger  source  position.  Now  let's  discuss  the 
factors  that  must  be  considered  when  making 
this  decision. 

14-6.  To  analyze  a  waveshape,  we  must  be 
able  to  see  it  clearly.  Without  sweep 
synchronization,  you  can  see  the  signal  but  in 
most  cases  it  is  nothing  but  a  blur.  An 
indiscriminately  triggered  sweep  starts  without 
regard  to  time  displacement  of  the  signal  being 
displayed.  Each  succeeding  sweep  starts  at  a 
different  relative  time  with  respect  to  the  signal 
on  the  vertical  deflection  plates.  This  causes  the 
signal  to  appear  to  run  across  the  face  of  the 
indicator.  Figure  55  is  an  example  of  an 
unsynchronized  display  of  a  uniform  sine  wave. 
The  running  effect  can  be  eliminated  by 
adjusting  the  sweep  frequency  until  it  is  the 
same  as  or  an  exact  multiple  of  the  vertical 
signal;  however,  this  method  is  impractical 
since  even  the  slightest  signal  variations  require 
readjustment  of  the  sweep  frequency.  If  the 
sweep  is  started  at  exactly  the  same  point  with 
respect   to   the   vertical   signal,   each  trace 
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presenis  the  exact  same  portion  of  the  vertical 
signal.  This  action  is  shown  in  figure  56.  Note 
that  each  time  the  sweep  occurs,  the  same 
portion  of  the  vertical  signal  is  traced  on  the 
indicator.  To  obtain  this  type  of  sweep,  the 


oscilloscope  sweep  generator  is  triggered  by  ( 1 ) 
an  external  signal  of  a  frequency  that  is  equal  to 
or  a  multiple  of  the  vertical  signal  or  (2)  by  the 
vertical  signal  itself.  Now  let's  sec  how  this  is 
accomplished. 


ERIC 


c 


Figure  55  Unsynchronized  sine-wave  display. 

14-7.  The  oscilloscope  shown  in  figure  34 
can  be  synchronized  by  a  line,  internal,  or 
external  signals,  depending  on  the  setting  of  the 
TRIGGERING  SOURCE  switch  (upper  right). 
In  the  INTERNAL  SYNC  positions,  a  sample 
of  the  input  signal  is  taken  from  the  vertical 
amplifier,  in  the  EXTERNAL  SYNC  positions, 
a  sample  is  taken  from  an  external  sync  signal 


that  is  connected  to  the  TRIGGER  INPUT  jack 
(fig.  34,  upper  right);  and  in  the  LINE  position, 
the  oscilloscope  6.3-volt,  60-hertz  filament 
signal  is  used. 

14-8.  At  this  point  it  is  important  to 
remember  that  the  sync  signal  selected  by  the 
TRIGGERING  SOURCE  switch  does  not 
trigger  the  sweep  generator  but  triggers  the 
trigger  generator,  which  in  turn  produces  a 
trigger  for  the  sweep  generator. 

14-9.  Now  let*s  look  a  little  deeper  and  see 
what  happens  under  the  various  triggering 
conditions.  When  the  TRIGGERING 
SOURCE  switch  is  in  one  of  its  INTERNAL 
positions,  a  sample  of  the  input  signal  is  tak.  . 
from  the  vertical  amplifier  and  fed  as  an  input 
to  the  trigger  generator  circuits.  The  first  thing 
that  the  trigger  generator  does  to  the  input 
signal  is  set  its  reference  level.  This  level  is 
determined  by  the  setting  of  the 
TRIGGERING  LEVEL  control  (see  fig.  54. 
top  center).  Figure  37  shows  the  input  signal  at 
four  different  reference  levels  ranging  from 
maximum  negative  (Level  A)  to  maximum 
positive  (Level  D).  The  triggering  level  line 
shown  in  figure  37  is  the  reference  level  that  the 
input  signal  must  cross  for  the  trigger  generator 
to  produce  a  sweep  trigger.  Now  let*s  see  what 
happens  when  the  TRIGGERING  LEVEL 
control  is  set  to  each  of  the  four  reference 
levels  shown  in  figure  37. 
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Figure  Si.  Effects  of  iriguering  level  and  slope  control. 


•  Level  A.  This  reference  level  is  obtained 
by  setting  the  level  control  to  its  maximum 
negative  position.  Note  that  as  the  signal 
alternates  above  and  below  this  reference  level, 
it  never  crosses  the  triggering  level  and  thus  no 
sweep  trigger  is  generated. 

•  Level  B.  As  the  level  control  is  turned  in 
the  positive  direction,  reference  level  B  is 
obtainfcd.  With  this  reference  level  setting,  you 
can  see  that  the  triggering  level  is  crossed  at 
time  Tl  and  ai  time  T2.  Now,  to  obtain  a  stable 
sweep  for  any  given  signal,  vje  do  not  want  to 
develop  sweep  triggers  at  more  than  one  point 
on  the  signal.  Look  again  at  figure  54  and  note 
the  TRIGGER  SLOPE  switch.  It  is  the  toggle 
switch  located  between  the  TRIGGERING 
LEVEL  and  TRIGGERING  SOURCE 
controls.  With  this  switch  in  the  positive 
position,  the  trigger  generator  produces  a 
trigger  only  on  the  positive  slope  of  the  input 
signal  as  it  passes  the  triggering  level  (Tl).  For 
this  same  signal  and  with  the  switch  in  the 
negative  position,  a  sweep  trigger  is  produced 
at  T2.  The  trigger  and  the  conditions  under 


which  the  trigger  is  generated  are  shown  below 
each  trigger  point,  Tl,  T2,  T3,  and  T4,  in 
figure  57. 

•  Level  C.  Now  assume  that  you  change  the 
TRIGGERING  LEVEL  control  to  obtain 
signal  reference  level  C.  As  the  signal  alternates 
above  and  i3elow  reference  level  C,  it  crosses 
the  triggering  level  at  times  T3  and  T4.  If  the 
SLOPE  control  is  set  to  its  positive  position, 
the  sweep  trigger  is  produced  at  T4.  With  the 
SLOPE  control  in  its  negative  position,  the 
sweep  trigger  is  produced  at  T3. 

•  Level  D.  Setting  the  TRIGGERING 
LEVEL  control  to  its  maximum  positive 
position  results  in  the  signals*  riding  reference 
level  D.  Once  again  the  signal  never  crosses  the 
triggering  level  and  no  trigger  is  produced. 

14-10.  Now  you  should  be  able  to  come  to 
an  important  conclusion;  that  is,  to  insure  that 
a  sweep  trigger  is  generated,  the  initial  setting 
of  the  TRIGGER  LEVEL  control  should  be  at 
or  near  midrange. 

14-11.  Now  let's  assume  that  you  do  not 
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wish  to  trigger  the  sweep  with  ihc  vertical 
signal  In  ihis  case  you  muse  use  either  the 
EXTERNAL  or  LINE  positions  of  the 
TRIGGHRINO  SOURCE  swiKh.  In  each  of 
these  positions,  the  trigger  generator  functions 
the  same  as  it  did  in  the  INTERNAL  position. 
When  using  these  positions,  you  must 
remember  ihat  lo  obtain  a  stable  presentation 
the  sweep  triggers  must  be  produced  at  the 
frequency  of  or  at  a  frequency  that  is  a  multiple 
of  ihe  signal  being  displayed.  Because  of  its  60- 
hertz  frequency,  the  LINE  SYNC  position  has 
little  practical  value  except  in  cases  such  as 
checking  for  ripple  in  power  supplies  or  hum  in 
signal  lines.  •External  sync,  however,  is 
frequently  used  when  troubleshooting  or  signal 
tracing.  In  many  equipments  a  master  timing 
signal  is  used  to  produce  all  other  signals.  It  is 
therefore  convenient  to  connect  this  signal  to 
the  TRIGGER  INPUT  jack  (fig.  54,  upper  right 
corner)  for  use  as  an  external  sync  signal.  When 
you  are  testing  signals  from  different  points  in 
the  equipment  where  signal  amplitudes  and 
shapes  vary,  the  use  of  a  standard  sync  signal 
eliminates  the  necessity  for  continual 
readjustmetu  of  the  triggering  controls. 

14-12.  Another  factor  to  be  considered  when 
synchronizing  the  trigger  generator  is  the 
frequency  of  the  sync  signal.  Wide  variations  in 
sync  signal  frequencies  require  adjustments  in 
the  input  circuits  of  the  trigger  generator.  Look 
again  at  the  TRIGGERING  SOURCE  switch  in 
figure  54.  Note  that  there  are  three  internal  and. 
three  external  positions.  These  different 
positions  adjust  the  trigger  generator  input 
circuits  for  various  frequencies  of  input  signals. 
In  cither  of  the  high-frequency  sync  positions 
(HF  SYNC),  the  trigger  generator  circuits 
couple  the  sync  signal  directly  to  the  sweep 
generator  for  use  as  a  sweep  trigger.  In  all  other 
positions  the  trigger  generator  functions  as 
discussed  in  the  previous  paragraphs. 

14-13  Before  going  on  to  the  sweep 
generator,  let's  summarize.  The  trigger 
generator  produces  a  trigger  for  the  sweep 
generator  The  TRIGGER  LEVEL  and  SLOPE 
controls  are  set  to  produce  this  trigger  when  the 
sync  signal  is  at  the  desired  level  and  swinging 
in  the  desired  direction.  The  sync  signal  must 
have  a  definite  frequency  relationship  to  the 
vertical  signal  in  order  to  produce  a  stable 
trace. 

14-14  A  typical  sweep  generator  may 
consist  of  a  sweep  multivibrator,  a  Miller 
integrator,  a  holdoff  cathode  follower,  and  a 
trigger  garc^  interconnected,  similar  to  the 
generator  shown  in  figure  58.  Normally,  you 
will  find  that  the  multivibrator  is  a  bistable  type 
and  clvnges  stale  only  when  triggered.  With 


this  type  of  sweep  multivibrator,  it  is  possible  to 
start  and  stop  the  sweep  at  specific  times. 

14-15.  When  a  trigger  is  received  from  the 
trigger  generator,  the  state  of  the  sweep 
iriultivibrator  changes,  and  a  negative  level 
pulse  is  coupled  to  an  RC  network  in  the  grid 
circuit  of  the  Miller  integrator.  The  charge  rate 
of  the  capacitor  in  the  RC  network  is  held 
constant  by  a  feedback  between  the  plate  and 
grid  circuits  of  the  integrator;  thus  the 
integrator  produces  a  very  linear  sawtooth 
which  is  coupled  to  the  horizontal  amplifiers. 
The  sawtooth  output  of  the  integrator  is  also 
coupled  to  the  holdoff  circuit.  This  circuit  i^ 
adjusted  so  that  when  the  integrator  output 
reaches  a  required  level  (this  lev^l  is  a  function 
of  the  indicator  deflection  factor  and  the 
physical  length  of  the  sweep  desired),  the 
output  of  the  holdoff  circuit  retriggers  the 
sweep  multivibrator  back  to  its  normal  resting 
state.  The  sweep  is  thus  terminated  and  will  not 
start  again  until  the  next  trigger  is  received 
from  the  trigger  generator. 

14-16.  Before  going  on,  there  are  two 
important  points  you  should  remember: 

(1)  The  generator  is  set  to  produce  a 
sawtooth  of  a  specific  amplitude.  The  TIME 
PER  CENTIMETER  control  (fig.  54,  jusl  to 
the  right  of  the  indicator)  varies  with  thz  rate  of 
ch'9rge,  not  the  amplitude. 

(2)  When  using  the  scope,  if  you  notice  that 
the  sweep  is  not  of  the  proper  physical  length, 
first  check  to  see  if  the  sweep  generator  output 
is  the  correct  amplitude.  If  it  is  not,  your 
problem  may  be  only  an  improper  feedback 
adjustment.  This  adjustment  is  usually  made  by 
an  internal  sweep  length  control  such  as  the 
one  shown  in  figure  58. 

14-17.  Now  look  at  the  trigger  gate  block 
shown  in  figure  58.  This  block  controls  the  bias 
on  the  sweep  multivibrator  when  it  is  ai  rest. 
When  operating  the  scope  in  the  A  SWEEP 
function,  the  trigger  gate  is  controlled  by  the 
STABILITY  control  (fig.  54,  top  center,  small 
knob).  The  STABILITY  control  sets  the  bias 
on  the  trigger  gate,  which  in  turn  controls  the 
bias  on  the  sweep  multivibrator.  To  set  the 
STABILITY  control,  you  perform  the 
following  steps: 

(1)  Set  the  control  fully  counterclockwise. 

(2)  Turn  control  clockwise  until  a  sweep 
first  appears. 

(3)  Turn   control   counterclockwise  again 
until  the  sweep  just  disappears. 

Now  the  sweep  multivibrator  can  be  triggered 
as  soon  as  a  signal  is  connected.  - 

14-18.  To  see  more  clearly  how  the  sweep 
generator  works,  you  should  be  able  to 
visualize  what  is  happening  at  each  of  the  major 


signal  points.  Let*s  assume  that  a  sine-wave 
signal  is  applied  to  the  vertical  input  of  the 
oscilloscope.  You  set  the  TRIGGERING 
SOURCE  switch  to  the  proper  internal 
position,  the  TRIGGER  SLOPE  switch  to 
negative,  and  the  TRIGGERING  LEVEL  to  0 
volt.  Under  these  conditions,  the  sweep  starts 
when  the  negative  alternation  is  applied  to  the 
vertical  plates. 

14-19.  Look  now  at  figure  59  and  see  how 
the  sweep  circuits  accomplish  this.  Waveshape 
A  is  the  vertical  input  signal,  and  waveshape  B 
is  the  same  signal  applied  to  the  input  of  the 
trigger  generator.  With  the  controls  set  as  stated 
in  the  previous  paragraph,  the  trigger  generator 
produces  sweep  triggers  (signal  C)  each  time  its 
input  (signal  B)  passes  through  zero  in  a 
negative-goinf;  direction  (points  1,  2,  3,  and  4). 
The  first  trigger  is  applied  to  the  sweep 
multivibrator  and  causes  its  output  to  go 
negative  (signal  D).  During  the  time  the  sweep 
multivibrator  output  is  negative,  the  sweep 
generator  output  rises  at  a  linear  rate  (signal  E). 
Part  of  the  sweep  signal  is  fed  to  the  holdoff 
circuit,  where  it  causes  the  output  of  the  holdoff 
circuit  to  rise  (signal  F).  The  output  of  the 
holdoff  circuit  is  the  bias  on  the  sweep 
multivibrator.  When  signal  F  reaches  point  X, 
the  sweep  multivibrator  is  retriggered  back  to 
its  resting  stale  and  the  sweep  is  terminated. 
The  sweep  circuits  remain  at  rest  until  the  next 


trigger  is  received  from  the  trigger  generator 
(signal  C,  pulse  #  3)  and  the  same  actions  are 
repeated.  The  darkened  areas  of  tRe  input 
signal  (signal  A)  are  thus  truced  on  the 
indicator  as  the  presentation  shown  at  H  in 
figure  59. 

]  4-20.  You  may  wonder  how  the  indicator  is 
blanked  during  retrace  time.  In  the  scope  in 
figure  54,  for  example,  the  indicator  is 
normally  biased  to  cutoff  and  is  allowed  to 
conduct  only  when  sweeping.  This  is  done  by 
taking  the  positive  output  of  the  sweep 
multivibrator  and  coupling  it  to  the  CRT  as  an 
unblanking  signal  (signal  G,  fig.  59).  Since  the 
sweep  multivibrator  determines  sweep  length 
and  the  unblanking  signal  is  of  the  exact  same 
duration  as  the  sweep,  only  the  sweep  is  visible. 

14-21.  Let's  go  back  now  and  discuss  the 
TIME  PER  CENTIMETER  control  in  a  little 
more  detail  as  it  applies  to  period  and 
frequency  measurements.  As  a  maintenance 
man  you  will  measure  pulse  widths,  periods, 
frequencies,  and  any  other  events  that  may  be  a 
function  of  time.  The  TIME  PER 
CENTIMETER  control  indicates  exactly  what 
its  name  implies;  thai  is,  it  indicates  the  time 
required  for  the  «*iectron  beam  to  deflect  1 
centimeter  horizontally.  It  is  relatively  simple 
for  you  to  determine  the  number  of  centimeters 
that  the  beam  is  deflected  horizontally  and 
then,  with  a  little  mathematics  (number  of 
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Figure  59.  A  sweep  generation  and  display. 


centimeters  times  the  setting  of  the  TIME  PER 
CENTIMETER  control),  determine  the  time 
for  any  event  associated  with  the  display  signal. 
As  for  frequency  measurements,  frequencies 
can  be  readily  determined  by  use  of  the 
following  formula: 


Frequency  » 


I 


lime  per  cycle 

14-22.  For  an  example  of  frequency 
measurements,  look  at  figure  60>  Here  a  50- 
kHz  sine  wave  is  an  input  to  the  oscilloscope 
shown  in  figure  54.  The  TRIGGER  LEVEL 
and  TRIGGER  SLOPE  controls  are  set  to 
develop  sweep  triggers  at  the  0-volt  level  of  the 
negative  slope.  Now  consider  three  different 
settings  of  the  TIME  PER  CENTIMETER 


control  as  shown  in  A,  B,  and  C  of  figure  60. 
The  sweep  length  is  always  10  centimeters. 
Frequency  determination  under  these 
conditions  is  as  follows: 

a.  The  A  setting  of  the  TIME  PER 
CENTIMETER  control  is  I  /isec.  Note  that 
1/2  cycle  occupies  the  full  sweep.  The  time  per 
cycle  is  20  /itsec.  You  can  calculate  the 
frequency  by  using  the  following  formula: 


Frequency  «»- 


1 


time  per  cycle 


F  - 


•-  50.000  Hz 


20  y  10-6 

One  trouble  encountered  with  this  mr  hod  of 
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Figure  60.  Frequency  calculation, 


frequency  determination  is  that  it  is  very 
difficult  to  determine  when  the  scope  displays 
exactly  1/2  cycle.  If  you  err  in  determining  the 
time  for  a  half  cycle,  this  error  is  compounded 
by  doubling  the  value  to  determine  the  time  per 
cycle.  When  possible,  you  should  not  use 
settings  of  the  TIME  PER  CENTIMETER 
control  that  present  less  than  one  cycle. 

b.  The  B  control  setting  of  2  /xsec  results  in  a 
one-cycle  presentation.  Here  again  it  is  difficult 
to  determine  when  exactly  one  cycle  is 
presented;  however,  this  time  the  error  is  not 
compounded  by  multiplying. 

c.  The  C  control  setting  of  5  /isec  results  in  a 
display  of  2  1/2  cycles.  Here  the  point  at  which 
the  signal  crosses  the  zero  reference  line  is 
much  more  definite  because  of  the  steepness  of 
its  slope,  and  a  more  accurate  calculation  can 
be  made. 

14-23.  There  are  several  ways  you  can 
calculate  the  frequency  in  this  case;  the 
following  method  is  recommended.  One 
centimeter  represents  5  ^tsec;  therefore,  the  tull 
lO-cm  sweep  represents  50  ^tsec  (5  X  10  = 
50).  The  lime  for  2  1/2  cycles  is  then  50  ^tsqc, 
and  the  time  per  cycle  is  20  ^sec 

ERIC 


-  20). 

2.5 

F     Jl  =  !   =  5l).{MUJ  \\/ 

I       20  X  10-'^ 

In  practice  you  will  hnd  thai  the  most  accurate 
frequency  determinations  are  obtained  by 
setting  the  time  controls  tor  presentations  of  2 
to  10  cycles. 

14-24,  B  sweep.  The  B  SWEEP  position  of 
the  HORIZONTAL  DISPLAY  switch  shown  in 
figure  54  selects  another  set  of  circuits 
containing  a  trigger  generator  and  sweep 
generator  that  operate  similarly  to  the  A  sweep 
and  triggering  circuits.  Look  at  the  B  sweep 
time-base  controls  in  figure  54,  and  note  the 
similarity  to  the  A  sweep  time-base  controls. 
Since  their  functions  and  operations  are 
similar,  it  is  not  necessary  to  cover  thcni  again. 

14-25.  'B  '  intensified  by  ".-1,"  Until  now  we 
have  discussed  a  single  sweep  function  with  its 
associated  triggering  circuits.  Used  alone,  the 
addition  of  another  sweep  generator  and  its 
associated  circuits  adds  nothing  to  the 
capability  of  the  oscilloscope  However,  when 
one  sweep  is  used  to  modify  the  other  sweep, 
much  is  added  lo  the  scopes  capabiliiies. 


c 


c 


14-26.  The  iwo  sweep  generators  in  the 
oscilloscope  in  figure  54  can  be  triggered  by  the 
same  synchronizing  signal  or  by  separate 
signals.  Regardless  ol  the  trigger  source,  there 
are  two  sweep  voltages  and  two  unblanking 
voltages  that  can  be  applied  to  the  indicator. 
This  particular  scope  uses  the  unblanking 
voltage  of  the  A  sweep  to  intensity-modulate  a 
portion  of  the  B  sweep.  The  intensified  portion 
may  be  expanded  to  give  you  an  enlarged 
presentation. 

14-27.  In  the  ^^B'  INTENSIFIED  BY  'A" 
position  of  the  HORIZONTAL  DISPLAY 
switch,  the  B  sweep  generator  functions 
normally.  When  triggered,  it  develops  a 
sawtooth  horizontal  sweep  voltage  and  a 
positive  unblanking  signal.  These  signals  are 
coupled  to  the  indicator,  and  a  normal  sweep 
pattern  begins.  The  sawtooth  sweep  voltage  is 
also  sent  to  a  trigger  pickoff  circuit.  The  trigger 
pickoff  circuit  is  set  to  produce  a  trigger  pulse 
when  the  B  sweep  sawtooth  voltage  rises  to 
some  predetermined  (pickofO  point.  The  bias 
on  the  pickoff  circuit  can  be  varied  so  that  the 
pickoff  point  can  occur  at  any  desired 
amplitude  of  the  sawtooth  voltage.  In  the 
oscilloscope  shown  in  figure  54,  the  pickoff 
point  is  controlled  by  the  DELAY-TIME 
MULTIPLIER  control.  This  is  the  second 
control  from  the  bottom  on  the  right-hand  side. 
Regardless  of  the  slope  of  the  sweep  voltage,  it 
always  takes  the  same  voltage  to  deflect  the 
beam  I  centimeter;  therefore,  the  delay  control 
which  sets  the  voltage  of  the  pickoff  point  is 
calibrated  in  centimeters.  The  delay  lime  (the 
lime  between  the  beginning  of  the  sweep  and 
the  start  of  the  intensified  portion)  is  then 
calculated  by  multiplying  the  setting  of  the  "B" 
TIME  PER  CENTIMETER  control  by  the 
number  of  centimeters  on  the  DELAY-TIME 
MULTIPLIER  control. 

14-28.  Now  let  s  see  how  this  sweep 
intensification  works,  using  a  practical 
example.  Look  at  figure  61.  Signal  A  is  a  40- 
kHz  input  that  is  applied  as  a  vertical  input  and 
as  an  mput  to  trigger  generator  B.  Time-base  B 
controls  are  set  as  follows:  ( I )  TRIGGERING 
SOURCE  to  INT,  (2)  TRIGGERING  LEVEL 
to  0.  and  (3)  TRIGGER  SLOPE  to  positive. 
Signal  B  in  figure  6 1  shows  the  output  of  trigger 
generator  B.  Note  that  a  trigger  is  produced 
when  the  input  signal  (signal  A  in  fig.  61) 
reaches  point  X,  This  trigger  is  fed  to  the  B 
sweep  generator  It  initiates  a  sawtooth  sweep 
voltage  (signal  C)  and  a  positive  unblanking 
pulse  (signal  D)  The  sawtooth  sweep  voltage 
and  the  unblanking  pulse  are  coupled  through 
appropriate  circuits  to  the  indicator  to  unblank 
and  sweep  the  electron  beam  horizontally 
across  th^  scope. 


14-29.  Before  going  on,  Ict^s  assume  that  the 
A  sweep  generator  is  set  for  a  5-^sec-per- 
centimeter  sweep,  the  STABILITY  control  is 
fully  clockwise,  and  the  B  sweep  generator  is 
set  for  a  20-Msec-per-centimeter  sweep.  Also, 
assume  that  the  indicator  beam  is  deflected  I 
centimeter  for  every  15  volts  of  sweep  signal 
(signal  C).  You  have  set  the  DELAY-TIME 
MULTIPLIER  control  to  3  1/3  centimeters, 
which  means  that  the  delay  pickoff  circuit 
produces  a  trigger  (signal  E,  fig.  61)  when  the 
sweep  has  moved  3  1/3  centimeters.  Now  let's 
look  a  little  closer  at  how  the  pickoff  trigger  is 
produced.  The  sweep  voltage  (signal  C)  is  fed  to 
the  pickoff  circuit.  Remember  that  the  delay 
time  was  to  be  3  1/3  centimeters.  If  horizontal 
deflection  takes  15  volts  per  centimeter,  then  3 
1/3  centimeters  require  50  volts.  What  the 
delay  control  actually  does  is  set  the  pickoff 
circuit  bias  so  that  the  sawtooth  (signal  C)  must 
rise  to  50  volts  before  the  pickoff  circuit  is 
triggered.  Now  the  ^trigger  from  the  pickoff 
circuit  (signal  E)  is  fed  to  the  A  sweep 
generator.  The  A  sweep  generator  is  triggered 
and  produces  a  lawtooth  sweep  voltage  (not 
shown  iH  fig.  61)  and  an  unblanking  pulse 
(signal  f\  fig.  6 1 ).  The  indicator  circuits 
combine  the  A  and  B  sweep  unblanking  pulses 
(signal  G,  fig.  61).  This  combining  of  the 
unblanking  pulses  results  in  an  increase  in  CRT 
current,  thus  intensifying  the  trace  for  a  period 
equal  to  the  unblanking  pulse  time  of  sweep  A 
(pattern  H  of  fig.  61 ). 

14-30.  Look  again  at  the  A  sweep 
unblanking  pulse  in  figure  61  (signal  F).  Note 
that  it  lasts  for  50  Msec.  If  the  TIME  PER 
CENTIMETER  control  is  set  to  5  Msec  per 
centimeter  as  previously  seated,  then  the  A 
sweep  generator  produces  a  sawtooth  of  the 
same  amplitude  as  the  B  sweep  sawtooth  but  in 
a  shorter  time. 

•  A  sweep  time  =  5  ^ sec/cm  X  10  cm  = 
50  ^sec. 

•  B  sweep  time  =  20  m sec/cm  X  10  cm  — 
200  Msec. 

In  this  application  the  .A  sweep  sawtooth  is  not 
used,  but  its  unblanking  pulse  is  used.  This 
pul ie  is  equal  in  duration  to  the  A  sweep 
sawtooth,  so  its  duration  must  also  equal  50 
^sec.  The  indicator  sweep  is  the  result  of  the 
much  slower  B  sweep  signal,  so  the  50-Msec  .\ 
sweep  unblanking  pulse  intensifies  the  B  sweep 
for  only  2  I  2  centimeters  (50  mscc  20  Msec  per 
centimeter  =  212  cm). 

14-31.  Now  let  s  summarize  what  we  know- 
about  the  B"  INTENSIFIED  BY  "A" 
function. 

•  The  B  sweep  is  triggered  and  functions 
just  like  the  A  sweep. 
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•  The  B  sweep  sawtooth  voltage  is  fed  to  a 
pickoff  circuit  that  produces  a  trigger  for 
the  A  sweep  generator  at  a  time 
determined  by  the  DELAY-TIME 
MULTIPLIER  control. 

•  The  A  Sweep  unbianking  pulse  intensifies 
a  portion  of  the  B  sweep. 

•  You  can  select  the  portion  of  the  B  sweep 
that  you  wish  to  intensify  by  varying  the 
setting  of  the  DELAY -TIME 
MULTIPLIER  control; 

14-32.  There  are  times  when  you  may  wish 
to  use  this  intensification  principle  to 
determine  the  frequency  of  the  signal  being 
displayed,  the  period  or  pulse  width  of  the 
signal,  or  the  signal  rise  time.  To  do  this, 
reduce  the  setting  of  the  A  sweep  TIME  PER 
CENTIMETER  control  until  the  A  sweep 
unbianking  pulse  is  so  short  that  the  intensified 
portion  of  the  trace  appears  as  a  small 
intensified  dot. 

14-33.  Now  look  at  figure  62.  This  figure 
shows  three  examples  of  how  the  intensified  dot 
can  be  used.  In  figure  62, A,  you  can  determine 
the  frequency  of  the  displayed  signal  in  the 
following  manner: 

•  First,  place  the  dot  at  point  X  by  setting 
the  DELAY-TIME  MULTIPLIER  control  to 
zero  centimeters.  * 

•  Now  turn  the  MULTIPLIER  control  until 
the  dot  moves  to  point  Y,  a  distance  that 
represents  one  cycle,  and  record  the  control 
setting. 

•  Subtract  setting  X  from  setting  Y  (the 
result  in  this  case  should  equal  setting  Y,  since 
setting  X  is  zero).  Now  multiply  this  difference 
by  the  setting  of  the  '^B'  TIME  PER 
CENTIMETER  control  to  obtain  the  time  per 
cycle.  Convert  the  time  per  cycle  to  frequency 
by  the  formula  F  »  -J — .  This  same  procedure 
can  be  used  to  determine  the  pulse  width  in 
figure  62. B,  or  the  time  between  pulses  in  figure 
62,C.  You  may  wonder  why  it  is  necessary  to 
do  (his  when  you  can  simply  count  the  number 
of  centimeters  directly  off  the  face  of  the 
indicator.  This  can  be  done,  but  not  with  the 
accuracy  obtained  by  using  the  micrometer  type 
DELAY-TIME  MULTIPLIER  control.  These 
are  only  a  few  examples  of  how  the  intensified 
sweep  can  he  used,  however,  in  your  day-to-day 
performance  of  maintenance.  I  am  sure  you  will 
Hnd  many  other  useful  applications. 

14-34  You  will  find  It  convenient  at  times 
to  be  able  to  obtain  an  expanded  view  of  one 
particular  part  of  a  display.  This  is  probably  the 
most  important  application  of  the  intensified 
sweep  T^his  can  be  done  by  intensifying  the 
area  you  wish  to  expand  and  switching  the 


HORIZONTAL  DISPLAY  control  (fig.  54)  to 
the  "A"  DELAYED  BY  "B"  position. 


B 


Figure  62.  Measuring  time  with  the  intensity  dot. 
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14-35.  "/I"  delayed  by  "fl."  This  sweep 
lunction  is  relarively  simple.  The  only 
difference  between  it  and  the  'B" 
INTENSIFIED  BY  "A"  is  that  the  indicaior 
receives  only  the  A  sweep  unblanking  pulse  and 
the  A  sweep  sawtooth.  The  B  sweep  circuits  are 
triggered  just  as  they  were  in  the  "B" 
INTENSIFIED  BY  "A";  however,  the  B  sweep 
outputs  are  not  used  by  the  indicator.  The  B 
sweep  sawtooth  triggers  the  pickoff  circuit, 
which  in  turn  triggers  the  A  sweep.  This 
happens  at  a  time  when  the  part  of  the  input 
signal  to  be  intensified  is  present  at  the  vertical 
plates.  The  A  sweep  sawtooth  and  A  sweep 
unblanking  pulses  are  coupled  to  the  indicator 
circuits  and  allow  the  intensified  area  to  be 
displayed  over  the  entire  10  cm. 

14-36.  Figure  63  shows  more  clearly  what 
happens.  The  intensified  sweep  shown  in  figure 
63, F,  is  obtained  while  the  HORIZONTAL 
DISPLAY  switch  is  in  the  "B"  INTENSIFIED 
BY  "A"  position.  The  HORIZONTAL 
DISPLAY  switch  is  then  switched  to  the  "A" 


DEL  AYED  BY  "B**  posiiion.  Fhe  ver\  next 
trigger  received  results  in  the  generation  a  H 
sweep  sawrooih  (tig.  63. B)  and  a*  B  sweep 
unblanking  p-^lse  (fig.  6.VC).  The  B  unblankmu 
pulse  IS  not  u.sed.  However,  the  H  sweep 
sawtooth  is  led  to  the  pickoff  circuit  and  when 
it  rises  to  the  pickoff  point  (fig.  63.  B).  the  A 
sweep  is  triggered.' The  A  sweep  sawtooth  (fig. 
63. D)  and  the  A  sweep  unblanking  pulse  dig. 
63, E)  arc  coupled  to  the  indicator.  Thus,  the 
intensified  area  between  X  and  Y  of  figure 
63. F.  is  di.splayed  across  the  entire  face  ot  ihc 
indicator,  as  shown  in  figure  63.G. 

14-37,  The  intensity-modulation  principle 
can  also  be  used  lo  compare  parts  of  a  serial 
pulse  train.  Look  at  the  display  in  figure  64 .A. 
If  you  want  to  compare  pulse  A  and  pulse  B. 
(he  best  way  is  to  superimpose  one  upon  the 
Dlher.  Let's  see  what  steps  are  necessary  to  dt) 
this  with  the  oscilloscope  sht>wn  in  figure  54. 

•  Set  the  HORIZONTAL  DISPLAY  switch 
lo  the  ^'B"  INTENSIFIED  BY  "A"  position  and 
adjust  the   ^A"  IIME/CM  and  the  DELAY- 
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Figure  64   PuUc  comparison 

riMF:  MLL1  IPIJER  controls  until  pulse  B  is 
jntcnsiticd 

•  Connect  ;t  small  capacitor  (approxiniately 
1(H)  ^t^tO  between  the  B  sweep  unblanking 


pulse  (fig.  54,  +GATE  B  jack)  and  the  pickoff 
trigger  output  jack  (fig.  54,  DLY'D  TRIG 
jack). 

14-38.  When  the  B  sweep  unblanking  pulse 
starts,  it  is  coupled  via  the  DLY*D  TRIG  jack 
to  the  A  sweep  generator.  The  A  sweep 
generator  is  triggered  and  its  unblanking  pulse 
intensifies  the  pulse  A  area  on  the  indicator. 
The  pickoff  circuit  was  already  set  to  trigger  the 
A  sweep,  so  the  pulse  B  area  is  intensifed.  Now 
think  about  what  is  happening.  Each  B  sweep 
triggers  the  A  sweep  twice,  once  at  the 
beginning  of  the  sweep^and  once  at  the  pickoff 
point.  Now  switch  the  HORIZONTAL 
DISPLAY  switch  to  the  *'A"  DLY'D  BY  "B" 
position.  The  first  time  the  A  sweep  is  triggered 
it  displays  pulse  A,  and  the  second  time  it  is 
triggered,  it  displays  pulse  B.  This  display  is 
shown  in  figure  64, B,  with  the  two  pulses  not 
quite  matched,  A  slight  adjustment  of  the 
DELAY-TIME  MULTIPLIER  control  will 
move  pulse  B  from  where  it  is  shown  in  figure 
64, B,  and  position  it  directly  over  pulse  A  as 
shown  in  figure  64»C. 

14-39.  The  oscilloscope  shown  in  figure  54 
is  capable  of  two  other  sweep  applications  that 
are  not  a  function  of  the  dual-sweep  generator 
principle,  so  !et*s  take  a  look  at  them. 

14-40.  "/I"  single  sweep.  Look  again  at 
figure  54  and  note  the  HORIZONTAL 
DISPLAY  switch  position  that  is  labeled  *'A" 
SINGLE  SWEEP;  also  observe  the  RESET 
button  above  and  to  the  right  of  the  display 
jwitch.  With  the^witch  in  this  position,  a  single* 
sweep  (one  time  across  the  scope)  is  obtained 
each  time  the  RESET  button  is  depressed.  Your 
eyes  and  mind  can  obtain  very  little  knowledge 
iVom  seeing  a  signal  for  so  short  a  time; 
however,  with  a  camera  and  high-speed  film  a 
picture  can  be  taken  of  this  single  trace.  This 
picture  then  becomes  a  permanent  record  of  the 
function  displayed  and  the  function  can  be 
analyzed  at  your  leisure. 

14-41.  External  sweep.  Most  oscilloscopes 
have  provisions  for  the  direct  application  of  an 
external  signal  to  the  horizontal  amplifiers.  The 
EXTERNAL  SWEEP  function  is  especially 
applicable  if  you  are  to  compare  the  phases  of 
two  sine  waves.  One  signal  is  applied  to  the 
vertical  input  and  the  other  signal  is  applied  to 
the  horizontal  circuits  via  the  HORIZONTAL 
INPUT  jack  (fig.' 54,  just  to  the  right  of  the 
HORIZONTAL  DISPLAY  switch).  With  the 
HORIZONTAL  DISPLAY  switch  in  the  XI 
oosition,  the  horizontal  input  signal  is  fed 
Jirectly  to  the  horizontal  amplifiers.  In  the 
XIO  position,  the  horizontal  input  signal  is 
attenuated  by  a  factor  of  10  before  application 
to  the   horizontal   amplifiers.   Figure  65, A, 
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Figure  65.  Lissajous  pacternt. 


shows  the  display  obtained  when  applying  two 
sine  waves  of  equal  frequency  but  90**  out  of 
phase.  This  pattern  and  the  other  patterns  of 
figure  65  are  based  on  equal  horizontal  and 
vertical  deflections  (th€  veitical  input 
attenuator  must  be  adjusted  to  make  the  vertical 
deflection  equal  to  the  horizontal  deflection). 
An  oval  pattern  such  as  shown  in  figure  65, B,  is 
obtained  when  the  phase  difference  is  between 
0^  and  90^  or  between  90'*  and  1 80'*.  A  single 
line  presentation  as  shown  in  figure  65,C,  is 
obtained  when  the  signals  are  in  phase  or  ISC'* 
out  of  phase.  Figure  65,D,  is  the  display 
obtained  when  the  horizontal  and  vertical  input 
signals  arc  not  of  the  same  frequency.  These  are 
the  basic  Lissajous  patterns  which  you  learned 


in  basic  electronics,  and  they  may  be  used  to 
measure  unknown  frequencies  when  you  have  a 
known  standard,  or  to  calculate  phase 
differences  in  known  signals 

14-42.  The  Plug«ln  Unit,  The  oscilloscope, 
like  many  other  pieces  of  test  equipment,  u.ies 
various  plug-in  units  to  increase  its  versatility. 
The  oscilloscope  shown  in  figure  54  has  a  type 
82.  dual-trace  plug-in  unit  installed.  This  plug- 
in  unit  is  just  one  of  many  that  can  be  installed 
in  the  oscilloscope.  All  of  these  plug-in  units 
provide  preamplification  and/or  attenuation  of 
the  vertical  input  signal.  Other  functions 
performed  by  the  various  piug-in  units  follow: 

•  Vertical  positioning  of  the  display. 

•  Acceptance  of  two  vertical  input  signals. 
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•  Display  of  either  of  two  verticd  input 
signals  separately. 

•  Alternate  display  of  two  vertical  input 
signals  on  separate  baselines. 

•  Chopped  display  of  two  input  signals 
alternately  selected  and  displayed  on  separate 
baselines  while  the  sweep  is  in  progress. 

•  Display  of  the  algebraic  sum  of  two 
vertical  input  signals. 

14-43.  Your  choice  of  the  plug-in  unit  you 
wish  to  use  depends  on  the  frequency  response 
necessary,  pulse  characteristics,  and  the  type  of 
display  that  provides  the  most  convenient 
analysis  of  the  signal.  You  will  learn  of  many 
needs  through  practical  experience.  To  aid  you 
in  making  the  proper  choice,  let's  discuss  the 
use  of  plug-in  unit  controls  to  obtain  the 
functions  listed  above. 

14-44.  Vertical  positioning.  All  plug-in  units 
have  ftont  panel  vertical  positioning  controls. 
This  control  references  the  input  signal  so  that 
it  can  be  moved  vertically  on  the  indicator.  The 
input  signal  is  applied  to  a  paraphase  amplifier, 
which  produces  two  outputs  that  are  180°  out 
of  phase.  These  two  signals  are  amplified,  and 
each  is  applied  to  a  vertical  plate.  One  signal  is 
applied  to  the  ujpper  deflection  plate,  and  the 
other  to  the  lower  deflection  plate  to  produce  a 
push-pull  vertical  deflection.  The  VERTICAL 
POSITION  control  varies  the  DC  reference 
level  that  these  two  signals  ride  and  thus 
positions  the  signal  in  the  vertical  plane. 

14-45.  The  input  selector.  The  input  signal  is 
applied  to  the  INPUT  jack  either  directly  or  via 
an  attenuator  probe.  In  the  AC  position  of  the 
INPUT  selector  switch  (see  fig.  54),  a  capacitor 
is  placed  in  series  with  the  input  signal.  This 
capacitor  eliminates  any  DC  component  of  the 
input  signal.  If  you  wish  to  check  DC  levels  or 
DC  reference  levels  of  AC  signals,  place  the 
INPUT  selector  switch  in  the  DC  position.  In 
this  position  the  signal  is  directly  coupled  to 
the  vertical  preamplifier. 

14-46.  The  input  attenuator.  All  vertical 
input  signals  are  applied  to  an  input  attenuator 
network.  The  amount  of  attenuation  is  a 
function  of  the  VOLTS/CM  control  (see  fig. 
54).  The  positions  of  this  control  indicate  the 
amplitude  of  the  input  voltage  necessary  to 
deflect  the  beam  1  centimeter  vertically;  thus,  if 
the  svqtch  is  in  the  5 -volt  position,  an  input 
signal  will  deflect  the  beam  1  centimeter  for 
every  5  volts'  amplitude.  Look  at  the 
VOLTS/CM  control  and  the  display  shown  in 
figure  66.  The  signal  displayed  occupies  3.5  cm 
vertically,  •ind  the  VOLTS/CM  control  is  set  at 


the  O.S-volt  position.  You  can  calculate  its 
peak-to-peak  voltage  amplitude  as' follows: 

VoUs/cm  X  cm  of  deflection  «  tmplUude  (peak  to  peak) 
0.5  X  3.5  -  1.75  voU$ 


VOUTS  CUCONTVOk 


Figure  66.  Measuring  tmpUiude. 

14-47.  To  measure  the  amplitude  of  a  DC 
signal,  you  first  set  the  sweep  baseline  to  some 
logical  reference  level  before  applying  the 
signal.  You  use  the  VERTICAL  control  to  do 
this.  Now  when  you  apply  the  signal,  you  need 
only  to  determine  the  distance  in  centimeters 
that  the  baseline  has  moved  and  multiply  this 
figure  by  the  setting  of  the  VOLTS/CM  control. 
An  example  of  a  DC  voltage  measurement  is 
shown  in  figure  67.  Note  where  the  baseline 
was  set  prior  to  the  application  of  the  input 
signal.  If  you  count  the  number  of  centimeters, 
you  can  see  that  the  input  signal  moved  the 
baseline  2  1/4  centimeters.  The  VOLTS/CM 
control  in  the  figure  is  set  to  the  5-volt 
position;  therefore,  the  amplitude  of  the  DC 
input  equals  1 1 .25  volts  (5x21/4-11 .25). 

14-48.  You  may  at  times  be  required  to 
determine  the  DC  reference  level  of  an  AC 
signal.  To  do  this,  place  the  INPUT  selector 
switch  in  the  AC  position.  With  the 
VERTICAL  POSITION  control,. set  the  signal 
to  some  reference  level.  Place  the  INPUT 
selector  to  the  DC  position  and  determine  the 
nun^ber  of  centimeters  that  the  reference  level 
shifted.  In  figure  68,A.  the  signal  is  shown  set 
to  a  zero  reference  level  with  the  INPUT 
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Figure  67,  Measuring  DC  voltages. 


For  a  iwo-swecp  comparison  ycu  perform  the 
following  setup  procedure: 

•  Place  the  MODE  switch  (see  tig.  54)  in 
the  '^A"  ONLY  position  and  adjust  the  A 
veriical  positioning  and  the  A  attenuator 
controls  until  the  presentation  occupies  the 
upper  half  of  the  display  area  (see  fig.  69,A). 

^  P^ace  the  MODE  switch  in  the  -B"  ONLY 
position  and  adjust  the  B  vertical  positioning 
and  B  attenuator  controls  until  the  B  input 
occupies  the  lower  half  of  the  display  area  (see 
fig.  69, B). 

•  Place  the  MODE  switch  in  the  ALTER 
(alternate)  position  and  the  dual-sweep  display 
is  as  shown  in  figure  69,C. 

14-51.  With  this  setup,  the  A  vertical  input 
signal  triggers  the  sweep  circuits,  is  coupled  to 
the  vertical  plates,  and  is  displayed.  When  the 
first  sweep  is  completed,  the  switching 
multivibrator  is  then  used  to  select  the  B 
vertical  input.  The  next  sweep  displays  the  B 
vertical  input  signal.  This  switching  action  is 
repeated  at  the  end  of  each  sweep.  If  you  wish 
to  use  this  type  of  display  to  check  the  phase 
relationship  of  two  signals,  use  an  external 
trigger  source  of  known  relationship  to  the 
signals  under  test.  Internal  triggering  should 
not  be  u.sed  because  each  signal  would  trigger 
its  own  sweep  and  the  phase  relationship  could 
not  be  checked. 


selector  in  the  AC  position.  Figure  68, B,  shows 
that  the  reference  level  shifted  I  centimeter 
when  the  INPUT  selector  was  set  to  the  DC 
position.  The  DC  reference  voltage  of  this 
signal  can  be  determined  by  multiplying  the 
setting  of  the  VOLTS/CM  control  by  1 
centimeter.  If  the  VOLTS/CM  control  was  set 
to  its  20-volt  position  in  the  example  of  figure 
68,  the  DC  reference  level  would  be:  I  cm  x 
20  volts/cm  =s  20  volts. 

14-49.  Dual  trace.  The  principles  discussed 
thus  far  apply  to  all  types  of  preamplifiers.  In 
dual-trace  preamplifiers  (the  one  shown  in 
figure  54)  these  functions  are  duplicated,  and  in 
addition  there  is  an  input  attenuator  and-  a 
vertical  control  for  both  the  A  and  B  sections 
of  the  preamplifier.  In  addition  to  dual 
controls,  the  dual-trace  plug-in  unit  has  two 
vertical  input  jacks  and  a  switching 
multivibrator.  The  switching  multivibrator  and 
its  associated  circuits  arc  used  to  alternately 
select  one  of  the  two  vertical  inputs  on  a  time- 
sharing basis  for  application  to  the  vertical 
amplifiers. 

14-50.  If  you  wish  to  compare  two  signals 
for  phase,  amplitude,  shape,  or  any  other 
reason,  connect  one  input  to  the  B  section  and 
the  other  input  to  the  A  section  (see  fig.  54). 
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Figure  68.  Measuring  DC  reference  levels 
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ALTERNATE 


Figure  69  Signal  comparison  using  alternate  mode. 


14-52.  In  the  CHOPPED  mode  of  operation 
the  muliivibraior  in  the  plug-in  unit  switches 
the  vertical  input<;  continuously  as  the  indicator 
IS  swept  If  two  sine  waves  that  are  equal  in 
frequency  but  opposite  in  phase  (fig.  70, A)  arc 
applied  as  A  and  B  inputs,  a  display  similar  to 
the  one  shown  in  figure  70, C,  is  obtained.  The 
output  of  the  switching  multivibrator  is  shown 
in  figure  70. B.  The  A  input  is  displayed  cacn 
time  the  output  of  the  multivibrator  is  at  its 
high  level,  and  the  B  input  signal  is  d  vplayed 
each  lime  the  output  of  the  multivibrator  is  at 
Its  lower  level.  The  resultant  display  is  shown 
m  figure  70, C. 

14-5  3  We  have  stated  previously  that  the 
'-hoice^  of    plug-in    units    for   a  particular 


apptictition  depends  on  many  factors,  factors 
that  you  will  learn  through  continued  use  of  the 
oscilloscope  in  the  performance  of  day-to-day 
maintenance.  Sometime,  after  you  have  attained 
your  5  level,  you  may  be  caUed  upon  to  help  set 
up  a  maintenance  shop,  and  you  will  have  to 
decide  what  plug-in  units  your  shop  will  need 
to  best  accomplish  the  assigned  tasks.  When 
this  happens,  you  will  have  to  apply  principles 
learned  in  this  CDC  plus  knowledge  acquired 
on  the  job  in  making  the  selection.  Before 
leaving  the  oscilloscope  and  going  on  to  other 
test  sets,  let's  discuss  built-in  calibration  and 
indicator  control  circuits. 

|4o4.  Calibration,  In  the  performance  of 
your  job  there  are  many  times  when  you  must 
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measure  signal  levels  cind  signal  excursi^^n^  in 
displaying  signals  to  sec  if  they  meet  pri  per 
specifications,  il  is  necessary  to  know  that  your 
scope  is  properly  calibrated.  There  are  iwo 
calibration  check  procedures  that  you  must 
perforin  frequently.  These  arc: 

•  Volts  per  centimeter. 

•  Attenuator  probe. 

14-55.  To  perform  these  checks,  you  need  a 
standard  that  provides  a  square  wave  of  known 
amplitude.  In  the  c^se  of  the  oscilloscope 
shown  in  figure  54,  such  a  source  is  provided  as 
a  built-in  feature.  This  circuit  is  called  the 
amplitude  calibrator.  Its  control  and  output 
jack  are  located  in  the  lower  right  corner  of  the 
front  panel  (see  fig.  54).  The  various  positions 
on  the  amplitude  calibrator  control  provide,  at 


the  CAL  OUT  jack,  a  square-wave  signal 
ranging  from  0,2  millivoii  peak  to  pefik  to  100 
VifiiG  peak  to  peak.  This  output  is  applied  as  a 
verjcal  input  to  determine  whether  the 
VOLTS/CM  control  is  accurately  calibrated. 
After  you  ^ave  checked  the'  VOLTS/CM 
control  and  found  it  lo  be  accurate,  the 
attenuator  probes  are  placed  between  the  CAL 
OUT  jack  and  the  VERT  i:;jlPUT  jack  to 
determine  their  accuracy. 

14-56.  When  checking  the  attenuator  probes, 
it  is  also  necessary  to  check  them  to  see  if  they 
cause  any  differentiation  or  integration  of  the 
input  signal.  If,  when  the  CAL  OUT  is 
connected  directly  to  the  vertical  input,  a 
perfect  square  wave  is  presented  on  the 
oscilloscope  indicator,  but  distortion  is  noted 
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Figure  70.  Choppca  mrde 
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Figure  71.  Adjusting  the  attenuator  prrbe. 


with  the  probe  in  the  line,  then  an  adjustment 
of  the  probe  is  necessary.  Two  common  types  of 
probe  distortion  arc  shown  in  figure  71,  A  and 
B.  The  distortion  shown  in  figure  7 1, A,  is  due 
to  integration,  and  that  shown  in  figure  7],B,  is 
due  to  differentiation.  Probe  distortion  can 
usually  be  eliminated  by  adjusting  the  capacitor 
within  the  probe  until  the  display  appears  as 
shown  in  figure  7],C.  There  is  no  set  schedule 
for  performing  these  calibrations,  but  you  will 
find  it  good  practice  to  check  your  scope  in  this 
manner  before  each  use  of  the  probes. 

14-57.  Indicator  Controls.  There  are  four 
front  panel  controls  associated  with  the 
indicator  of  the  oscilloscope  shown  in  figure 
54.  The  SCALE  ILLUM  controls  the  intensity 
of  a  lighi  that  illuminates  the  centimeter 
markings  on  the  etched  scale  in  front  of  the 
indicator  face.  The  FOCUS  and 
ASTIGMATISM  controls  are  used  together  to 
obtain  a  clearly  defined  horizontal  trace  across 
the  face  of  the  indicator  The  INTENSITY 
control  sets  trace  brightness  by  varying  the 
emission  of  the  indicator  cathode.  Once  set,  the 
SCALE..  ILLUM.    the    FOCUS,   and  the 


ASTIGMATISM  controls  will  usually  need  no 
readjustment;  however,  the  INTENSITY 
control  may  need  resetting  for  each  new  signal 
measured.  This  is  due  to  the  fact  that  the 
illumination  of  the  trace  is  a  function  of  both 
the  strength  of  the  electron  beam  and  the 
frequency  of  the  sweep.  It  may  also  be 
necessary  to  adjust  the  intensity  when  you  wish 
to  look  at  the  leading  and  trailing  edges  of 
pulses  that  have  very  short  rise  and  fall  times.  It 
is  good  practice  to  turn  the  intensity  down 
when  you  leave  your  oscilloscope  for  extended 
periods,  because  a  high-intensity  beam  will 
burn  the  coating  on  the  indicator  face. 

15.  Probes 

15-1.  In  this  section  we  discuss  probes  which 
are  commonly  used  to  extend  the  capabilities  of 
meters  and  oscilloscopes.  Two  important  types 
of  probes  are  high-voltage  and  isolation  probes. 
Their  construction,  purpose,  aktd  use  should  be 
clearly  understood  since  they  are  necessary 
accessories  for  many  kinds  of  measurement. 

15-2.  High. Voltage    Probes.  Test 
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instruments  usually  have  a  voltage  measuring 
range  that  extends  up  lo  a  maximum  of  2000 
volts.  Relatively  few  have  ranges  that  extend  up 
to  6000  volts.  When  it  is  necessary  to  measure 
voltages  that  exceed  the  maximum  rated  voltage 
of  your  test  instrument,  you  must  extend  the 
voltage  range  to  a  higher  value.  There  are  two 
ways  to  do  this;  (I)  Connect  an  external 
multiplier  resistor  of  suitable  value  in  series 
with  the  input  circuit  of  the  test  instrument  or 
(2)  use  a  capacitive  divider  circuit.  We  show 
how  each  of  these  ways  is  used  in  probes 
designed  for  high-voltage  measurements. 

15-3.  The  multiplier  resistors  normally  used 
with  20.000  ohms/volt  VOMs  and  VTVMs  are 
generally  of  the  high-voltage  cartridge  type, 
using  a  spiral  film-type  resistive  element 
printed  on  a  ceramic  core,  as  illustrated  in 
figure  72.  The  probe  body  housing  for  the 
removable  multiplier  resistor  is  composed  of  an 
insulating  material  having  a  high  dielectric 
strength  and  a  low  leakage  factor.  Safety  flanges 
are  normally  placed  on  the  probe  body  to 
minimize  surface  leakage  and  corona  and  to 
protect  the  operator*s  hand  fronri  high-voltage 
shock  or  RF  burns.  The  probe  tip  may  be 
pointed  for  making  proDe  contact,  or  it  may  be 
of  the  clip-on  type  for  a  more  permanent 
connection.  An  insulated  handle  is  provided 
for  protection  from  electrical  shock.  A  shielded 
cable  is  normally  used  from  the  probe  to  the 
meter  to  eliminate  stray  field  pickup.  An 
intern?;!  shield,  grounded  to  the  external  cable 
shield,  is  used  to  ground  accumulated 
electrostatic  charges  and  thus  minimize  the 
pt.:sibility  of  RF  flashover  voltages. 

15-4.  Figure  73  shows  a  resistor  probe 
connected  to  a  volt-ohm-milliammeter  (VOM). 


You  must  bear  in  mind  that  the  input  resistance 
of  the  VOM  is  changed  tor  each  setting  of  the 
DC  voltage  range  switch.  Therefore,  the 
calculated  value  of  the  multiplier  resistor 
required  to  obtain  a  given  multiplying  factor  is 
vaiid  only  for  the  particular  range  switch 
setting  that  was  used  in  the  original  calculation. 
By  contrast,  the  value  of  the  multiplier  resistor 
need  be  calculated  only  once  for  all  meter 
range  settings  if  a  VTVM  is  used.  As  .shovin  in 
figure  74,  the  range  switch  of  a  VTVM  selects  a 
definite  proportion  of  the  input  voltage  for 
application  to  the  voltmeter  bridge  circuit.  But 
since  the  VTVM  tube  draws  no  current  from 
the  input  circuit,  the  resistance  of  the  voltage 
divider  located  in  the  input  circuit  is  constant 
for  all  ranges.  Thus,  the  probe  multiplies  each 
range  of  the  VTVM  by  the  same  factor. 
Therefore,  the  same  resistor  rttay  be  used  with 
all  range  scales*  This  is  not  true,  however,  for 
VTVM  models  having  different  values  of 
internal  voltage  divider  resistance. 

15-5.  The  internal  resistor  contained  in  the 
probe  body  also  provides  circuit  isolation.  This 
resistor,  usually  having  a  value  of  i  megohm, 
performs  a  double  function:  (!)  it  reduces  the 
capacitance  which  the  probe  introduces  to  the 
circuit  under  test,  and  (2)  it  acts  as  the  resistive 
element  of  an  RC  filter  network  to  aid  in  ihe 
removal  of  high-frequency  AC  components 
from  the  output  of  the  measured  equipment. 

15-6.  For  example,  the  combined  total  input 
capacitance  of  the  VTVM.  including  the  input 
cable  of  the  probe  and  the  test  probe  itself,  is 
approximately  100  picofarads.  This 
capacitance,  if  applied  across  the  circuit  under 
test  as  shown  in  figure  75,  loads  down  and 
unbalances   the   RF  circuits  while  you  are 
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Figure  72.  High>voUage  DC  probe. 
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Figure  7?  Probe  connected  to  DC  voUmeter. 


c 


measuring  ihc  associated  DC  voltages  with  ihe 
VTVM  Your  DC  measurements  under  these 
circumstances  are  both  erroneous  and 
misleading.  Therefore,  the  isolation  resistor 
coniaincd  in  the  probe  used  with  a  VTVM  is 
necessary  to  remove  or  reduce  these  capacitive 
ctfecis  from  the  circuit  being  tested.  A  case  in 
point  Aould  be  the  measurement  of  the  DC  grid 
bias  of  a  high-frequency  oscillator.  Elimination 
of  the  cable  shielding  does  not  eliminate  the 
capacitive  effects  because  stray  fields  are  then 
induced  into  the  tested  equipment  through  the 
unshielded  cable.  Therefore,  you  must  insert  a 
high-ohmage  resistor  between  the  circuit  lest 
point  and  the  shielded  cable  from  the  VTVM 
input  voltage  divider  circuit  (see  fig.  76). 
Although  there  still  is  some  capacitance  from 
he  probe  tip  to  ground,  it  is  comparatively 
imall.  If  the  original  reactance  of  the  probe  is 
in  the  neighborhood  of  100.000  ohms  for  a 
particular  test  circuit  frequency  and  you  inject 
a  series  I -megohm  resistor  into  the  circuit,  the 
total  impedance  is  greater  than  a  megohm.  This 
makes  the  reactive  component  only  10  percent 


rather  than  the  original  100  percent  of  the  total 
input  impedance. 

15-7.  Tne  resistor  probe  is  also  employed 
with  an  oscilloscope  to  measure  peak-io-pcak 
waveform  values  or  simply  to  observe  the 
general  form  of  the  measured  waveform. 
Furthermore,  the  input  terminals  of  most 
scopes  arc  rated  at  600  volts  maximum; 
therefore,  the  probe  is  used  to  prevent  the 
application  of  excessive  voltage  that  may,  at  the 
very  least,  distort  the  reproduced  waveform  or, 
more  seriously,  puncture  the  input  capacitor, 
damage  or  burn  out  the  internal  scope 
attenuator  resistors,  carbonize  terminals  strips 
by  an  arc-over  process,  or  cause  additional 
attendant  damage  by  completely  overloading 
the  input  scope  amplifier.  The  isolating  resistor 
in  the  probe  an'd  the  internal  resistance  of  the 
oscilloscope  may  be  used  as  a  form  of  voltage 
divider  network  for  either  DC  or  low-frequency 
measurements  and,  in  some  cases,  provides  a 
voltage  reduction  ratio  as  high  as  1000:1.  A 
10,000-volt  signal,  in  this  instance,  would 
cause  an  actual  value  of  10  volts  to  be  applied 
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to  the  vertical  input  terminals  of  the  scope. 
Unfortunately,  some  oscilloscopes  do  not 
provide  an  internal  resistance  network  across 
the  vertical  terminals;  therefore,  you  may  have 
to  construct  a  voltage  divider  network  to 
protect  the  scope  input  circuits. 

1 5*8.  By  simply  connecting  a  large  ohmage 
resistor,  such  as  \  megohm,  across  the  vertical 
input  terminals  of  the  scope,  the  required 
voltage  division  can  be  obtained.  However,  this 
type  of  resistive  voltage  divider  has  limitations 
which  may  preclude  its  use.  The  AC  voltage 
division  is  not  accurate  at  the  higher 
frequencies  because  the  amount  of  capacitance 
present  between  the  probe  body  and  ground 
changes  with  each  new  probe  position.  In 
addition,  s^ray  fields  in  the  vicinity  of  the 


unshielded  parts  of  your  probe  produce 
undesirable  currents  which  distort  the  observed 
waveforms.  Therefore,  if  this  be  the  case,  you 
cannot  use  this  method  to  measure  the  exact 
amplitude  and  waveshape  of  a  signal. 

15-9.  In  the  capacitive  divider  probe,  the 
high  voltage  under  test  is  applied  across  two 
capaicitors  connected  in  series.  Figure  77, A, 
shows  a  diagram  of  the  actual  capacitive  probe, 
and  figure  77, B,  illustrates  tne  voltage  dividing 
arrangement  which  protects  the  scope.  The 
input  voltage  is  divided  across  Cl  and  C2  of 
figure  77. B,  in  inverse  proportion  to  their 
capacitive  value.  Normally,  ClUs^^  made  much 
smaller  than  C2  so  that  most  of  the  voltage  will 
be  dropped,  or  lost,  across  the  capacitor.  The 
remaining  voltage,  dropped  across  C2,  is  small 
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Figure  76.  DC  probe  with  isolating  resistor. 
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enough  for  safe  application  to  the  vertical  scope 
terminals.  The  formulas  required  for  the 
calculation  of  the  capacitor  values  to  provide 
the  desired  division  of  the  applied  high  voltage 
are  as  follows: 

E2C2 

El  -  -  E3  -  E2 

CI 

EL-|=  £J 
E2  C  I 

NOTE: 

-12.  •  iiepdown  ratio  (R)' 
E2 

C2  -  CI  (R  -  1) 

where:  El  is  the  voltage  drop  across  CI,  E2  is 
the  voltage  drop  across  C2,  and  E3  is  the 
voltage  applied  to  the  divider  network. 

15-10.  The  high-voltage  capacitance  divider 
probe  must  contain  an  extremely  high  input 
impedance  to  prevent  loading  of  the  circuit 
under  test.  This  high  impedance  is  provided  by 
using  a  high-voltage  rectifier  tube  as  an 
inexpensive  capacitor  with  a  breakdown  voltage 
of  up  to  15,000  or  20,000  volts.  The  probe 
must  have  a  body  which  provides  high-voltage 
insulation  features  in  its  makeup,  and  the  probe 
must  be  shielded  to  prevent  stray  field  pickup 
which  would  distort  the  desired  scope 
waveform.  In  figure  77,A,  trimmer  capacitor 
C2  and  tube  capacitance  CI  form  a  voltage 
divider  network.  This  trimmer  capacitor,  which 
is  normally  incorporated  within  the  probe 
body,  may  be  varied  to  provide  the  proper 
voltage  ratio  for  application  to  the 
oscilloscope.  The  normal  ratio  is  100:1. 
Therefore,  with  an  applied  signal  of  20,000 
volts  to  the  probe  tip,  only  200  volts  appear 
across  C2  and  are  delivered  to  the  vertical 
terminals  of  the  scope.  In  this  case,  the  voltage 
breakdown  rating  of  C2  need  be  only  slightly 
higher  than  approximately  200  volts.  Since  the 


input  and  shielded  cable  capacitances, 
represented  by  C3  in'  figure  77,A,  are  in 
parallel  with  the  trimmer  capacitor  located  in 
the  probe,  C2  must  be  readjusted  to  the  proper 
voltage  stepdown  ratio  each  time  a  different 
cable  Qr  scope  is  used  with  the  probe. 

i  S*i  i .  If  the  stepdown  voltage  ratio  is  lt)0: 1 
and  you  measure  1000  volts,  only  10  volts  is 
applied  ta  the  scope.  In  this  instance,  you  may 
calibrate  the  scope  screen  so  that  1  volt  is  equal 
to  1  square;  therefore,  10  volts  approximate  10 
vertical  squares  of  height  and  represent  1000 
volts  of  measured  signal.  The  calibration 
procedure  required  to  obtain  a  10:1  or  100:1 
voltage  ratio  is  relatively  simple.  Many  scopes 
do  not  contain  a  compensated  input  circuit, 
and  therefore  the  oscilloscope  trace  varies  in 
direct  proportion  to  the  input  capacitance 
variation.  This  effect  causes  the  probe 
cal  ibration  to  change.  Additional  waveform 
distortion  is  apparent  on  such  a  scope  because 
of  frequency  discrimination  and  phase*shift 
•distortion.  If  the  scope  contains  a  compensated 
input,  the  following  sequence  of  calibration 
applies: 

a.  Connect  the  viertical  terminals  of  your 
scope  directly  across  some  low-impedance, 
low-voltage  source,  and  set  the  scope  step 
attenuator  to  its  "times  one**  (X  I)  position. 

b.  Vary  the  vernier  attenuator  for  any 
convenient  number  of  squares  of  screen 
deflection. 

c.  Connect  the  probe  between  the  voltage 
source  specified  in  step  a  above  and  the  vertical 
scope  terminals,  and  advance  the  scope  step 
atteauator  to  its  "times  100"  scale  (X  100). 
The  waveform  should  now  occupy  the  exact 
same  number  of  <icale  divisions  as  it  did 
previously. 

d.  If  the  number  of  squares  occupied  by  the 
waveform  are  different  from  the  number 
obtained  in  step  b  above,  adjust  the  probe 
trimmer   capacitor  with   an  insulated 
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Figure  77.  Capacitive  voltage  divider. 
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scre\\driver  until  ihc  waveform  is  ihc  sa:ni;, 
Now  the  scope  is  caiibraieJ  lo  receive  l/iC.  of 
any  voltage  applied  »o  the  probe  tip,  provided 
that  you  always  use  the  same  connecting  cahic 
and  scope. 

IS-12.  Isolation  ProbCN.  We  have  aiready 
spoken  of  the  isolation  feature  of  high-voltage 
probes,  but  more  needs  t(^  be  said  about  probes 
designed  especially  to  provide  isolation. 

15-13.  Across  the  vertical  terminals  of  an 
oscilloscope  there  is  normally  a  resistive 
clement  of  from  0. 1  to  2.0  tnegohms»  in  parallel 
with  a  small  amount  of  capacitance.  The 
capacitance  is  a  combinatioti  of  the  capacitance 
normally  present  across  the  vertical  terminals 
and  the  capacitance  of  the  probe  and  its 
shielded  cable.  When  such  a  scope  is  used  in 
conjunction  with  a  shielded  cable  and  probe,  it 
contributes  from  0.1  to  2.0  megohms  of 
resistance  and  from  40  to  90  picofarads  of 
capacitance  in  shunt  with  the  output  of  the 
circuit  under  test.  If  the  circuit  under  test  has  a 
high  output  impedance  or  contains  high- 
frequency  components,  this  test  equipment 
shunting  effect  detunes  resonant  circuits,  loads 
other  circuits,  or  simply  distorts  the  desired 
waveforms.  This  undesirable  condition  is 
prevented  or  its  effect  decreased  if  you  increase 
the  impedance  shunting  the  tested  circuit.  You 
can  do  this  by  using  a  low-capacitance  high- 
impedance  probe  of  proper  design.  Figure  78 
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Figure  78  Compensated  low-capaciiancc  isolation  probe 

illustrates  the  method  of  connecting  a  small 
variable  capacitor  in  parallel  with  a  large 
resistor  within  the  probe  head.  This  parallel 
comt)ination  is  in  series  with  the  shielded  cable 
and,  consequently,  is  in  series  with  the  scope 
input.  The  scope-blocking  capacitor  is 
relatively  large,  so  its  reactance  at  high 
frequencies  can  be  considered  negligible.  The 
small  variable  capacitor,  Cl,  in  scries  with  the 


sci^pe,  c;ii*»e,  utXi}  probe  capacitance,  C2,- 
decreai;c5  the  total  effective  capacitance  and 
thereby  increase:*  the  capacitivc  reactance.  The 
lar^e  value  resistor.  Rl,  acts  as.,an  isolating 
resistor,  as  discussed  previously,  and  also 
effectively  decreases  the  total  input 
capacitance  These  two  parallel  circuits,  which 
are  effectively  connected  in  series,  act  a**  a 
voltage  divider  and,  of  course,  decrease  the 
amplitude  of  the  AC  signal  being  measured. 
Although  this  decrease  in  amplitude  is  wanied 
in  a  high-voltage  probe,  it  is  one  of  the 
unfortunate  side  effects  of  compensation  and  is 
termed  probe  anenuation. 

.15-14.  The  amount  of  probe  attenuation 
must  remain  fairly  constant  during 
measurement  at  both  low  and  high  frequencies. 
Therefore,  not  only  must  the  RICI  provide  a 
voltage  ratio  of  100:1,  10 — I.  or  some  other 
fraction,  but  RICI  must  be  equal  to  R2C2  of 
the  scope,  probe,  and  cable.  With  these  two 
time  constants  equal,  the  arrangement  divides 
AC  voltages  at  all  frequencies  by  the  same 
ratio,  except  when  either  resonance  or 
antiresonance  effects  change  the  voltage 
delivered  to  the  scope.  (The  latter  effects  occur 
so  rarely  that  they  may  be  neglected  in  most 
cases.) 

15-15.  Another  way  to  provide  isolation  is 
to  use  a  probe  that  is  constructed  by  connecting 
an  additional  resistor.  R,  across  the  vertical 
scope  terminals,  as  shown  in  figure  79.  Thus, 
the  isolating  resistor  and  R  comprise  a  resistive 
attenuation  path  for  DC.  This  protects  the 
scope  blocking  capacitor  from  DC  voltage 
surges  and,  in  addition,  stabilizes  the  scope 
impedance  as  the  vertical  vernier  control  is 
varied.  A  probe  of  this  design  has  one  primary 
disadvantage;  it  may  cause  too  much  resistance 
loading  on  critical  high-impedance  DC  circuits. 
Therefore,  this  type  of  probe  is  normally  not 
used  in  such  circuits  unless  a  capacitor  is 
inserted  in  series  with  the  probe  tip  to  block 
DC 

15-!  6.  Yet  another  v»ay  to  provide  isolation 
is  to  use  a  cathode-follower  probe.  It  has  a 
cathode-follower  circuit  within  the  probe  body 
to  obtain  a  very  high  input  and  low  output 
impedance  characteristic.  This  type  of  probe 
has  excellent  high-frequency  response  and, 
since  its  input  impedance  is  higher  than  its 
output  impedance,  it  acts  as  an  impedance 
transformer.  Figure  80  illustrates  the  schematic 
diagram  of  the  probe.  The  light  circuit  loading 
of  this  probe  results  from  the  use  of  a  6- 
megohm  resistor  shunted  by  approximately  lO 
picofarads  of  stray  circuit  capacitance.  .As 
shown,  the  6-megohm  resistor,  the  0.0."^- 
microfarad  coupling  capacitor,  and  the  30()- 
ohm  cathode  resistor  ;irc  all  in  scries  and 
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Figure  79.  Isolation  probe  with  shuniing  resistor. 


shunted  across  the  output  of  the  circuit  under 
test.  The  output  from  the  cathode  follower  is 
(obtained  across  .the  300-ohm  cathode  resistor 
which  is  in  parallel  with  the  high  impedance  of 
the  scope  (or  other  test  instrument).  Therefore, 
the  scope  input  circuit  does  not  load  down  the 
cathode-follower  output. 

15>17.  Shielding  4nd  Loading  Effects  of 
Probes.  As  you  may  have  surmised  from  the 
foregoing  discussion,  the  test  leads  or  cable  that 
you  use  as  the  electrical  link  between  a  VOM, 
VTVM,  or  sctpe  and  the  equipment  under  test 
becomes  an  integral  part  of  the  test  instrument. 
You  can  use  many  different  types  of 
interconnections,  such  as  two  independent 
separated  wires,  two  parallel  wires  in  a  cord 
arrangement,  or  a  probe  and  shielded  cable. 
The  effect  of  the  shunting  input  capacitance 
may  be  negligible  in  one  circuit  under  test  and 
may  completely  upset  the  normal  operation  of 
other  circuits  under  te' i.  In  some  cases,  the  use 
of  unshielded  test  leads  results  in  spurious 
pulse-  or  hum-voltage  pickup,  which  distorts 
the  signal  applied  to  the  VTVM  or  scope.  This 


condition  can  exist  because  a  magnetic  field  is 
produced  around  each  wire  having  current 
flowing  through  it.  and  a  potential  between 
wires  establishes  an  electrostatic  field  at  right 
angles  to  the  magnetic  field.  The  magnetic  field 
so  produced  represents  a  lumped  value  of 
inductance  along  the  wires.  The  electrostatic 
field  represents  a  lumped  value  of  capacitance 
between  the  wires.  Unfortunately,  each  time  the 
leads  are  moved  or  shifted,  the  distance 
between  them  changes,  and  this  changes  the 
distributed  capacitance  between  the  wires  or 
between  the  wires  and  nearby  objects.  At  higher 
frequencies,  the  inductance  and  capacitance 
values  may  cause  the  tested  circuit  to  actually 
oscillate  and  produce  n.isleading  meter 
indications.  Also,  the  use  of  unshielded  open- 
wire  test  leads  and  probes  may  have  other 
adverse  effects;  for  example,  the  test  leads  may 
act  as  an  antenna  and  radiate  a  signal  from  an 
isolated  or  shielded  circuit  section  to  other 
circuit  sections  to  cause  circuit  crosscoupling. 
regeneration,  or  oscillation.  In  addition,  this 
stray  field   and   adjacent   circuit   pickup  or 
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Figure  80  CaihoUc-follower  isolanon  prohe 
97 


crosscoupling  may  be  fed  directly  to  your  scope 
and  be  integrated  with  the  desired  scope  trnce 
to  provide  confusing  or  ambiguous  results. 

lS-18.  A  shielded  input  cable  docs  noi 
always  correct  the  difficulties  encountered  with 
twin-wire  unshielded  test  leads.  Both  tht 
shielded  cable  capacitance  to  ground  and  the 
VTVM  or  scope  input  capacitance  may  cause  a 
loading  effect  on  the  circuit  under  test.  In  fact, 
errors  in  peak-to-peak  signal  measurement,  as 
well  as  waveform  distortion,  may  be  evident.  As 
we  have  explained  previously,  the  use  of  an 
isolating  resistor  within  your  probe  decreases 
the  loading  effect  of  your  shielded  cable  and 
avoids  the  possibility  of  detuning  hish- 
frequency  reuonant  circuits  under'  test.  In  some 
areas  of  low-frequency  measurement,  however, 
the  unshielded  cable  has  less  loading  effect  than 
the  shielded  test  lead. 

IS-! 9.  The  use  of  a  high-voltage  100:1 
capacitance  probe  ii  a  distinct  advantage  except 
when  the  output  of  the  tested  circuit  is  below 
about  S  or  10  volts.  Thesif  low  voltages  will 
produce  probe  output  signals  less  than  0.05  or 
0.1  volt,  which  may  not  provide  sufficient 
deflection  for  a  good  display. 

15-20.  The  input  impedance  of  a  capacitor 
divider  high-voltage  probe  is  relatively  high, 
but  it  becomes  less  as  the  frequency  increases. 
At  extremely  high  frequencies,  the  probe 
impedance  becomes  so  low  that  this  type  probe 
cannot  be  used  because  of  its  loading  effects. 

15-21.  When  connecting  test  equipment  to  a 
circuit,  you  should  always  have  some  idea  of 
the  internal  impedance  of  the  circuit.  This 
knowledge  is  necessary  because  the  loading 
effect  on  the  circuit  is  not  determined  solely  by 
the  shunt  capacitance  or  inductance  of  the  test 
equipment  and  leads.  Since  this  shunt 
capacitance  or  inductance  is  in  parallel  with  the 
internal  impedance  of  the  circuit  under  test  (as 
shown  in  fig.  8 1 ),  it  is  the  relative  values  of  the 
reactance  and  the  internal  impedance  which 
determine  whether  or  not  the  loading  is 
appreciable.  If  Z  is  small  compared  to  Xc, 
there  is  little  or  no  effective  loading.  However, 
if  Z  is  large  in  '.omparison,  the  loading  is  heavy 


^ROBC  TIP 


CAPACITOR  . 
SHUNTlNrt  ' 
IMPC DANCE 


VC^TlCAL  IMMJT 

rrnMiNALS  or 

OSCILLOSCOPC  OA 
VTVM 


Figure  81.  Probe  and  cable  loading. 

enough  to  alter  the  operation  of  the  tested 
circuit  and  distort  the  peak-to-peak  signal  or 
observed  waveform.  It  is  on  the  basis  of  this 
reasoning  that  we  can  say  a  given  shunt 
impedance  loads  down  a  high-impedance 
circuit  more  heavily  than  it  does  a  low- 
impedance  circuit. 

15-22.  Safety  Precautions.  As  a  safety 
precaution,  the  meter  or  scope  ground  terminal 
should  be  physically  connected  to  the  probe 
cable  shield  and  to  either  the  chassis  or  the  B- 
line  of  the  equipment  being  tested.  If  you  do 
not  ground  the  test  instrument  in  this  manner, 
it  may  be  electrically  hot  and  present  a  severe 
shock  danger.  When  you  test  circuits  containing 
no  power  transformer,  you  should  remember  to 
connect  an  isolation  transformer  between  the 
equipment  being  tested  and  the  line.  This 
prevents  you  from  shorting  out  the  powcrline  if 
the  meter  case  or  chassis  should  become 
inadvertently  or  accidentally  grounded.  For 
maximum  safety,  the  wearing  of  insulated  shoes 
is  advisable;  if  shoes  which  have  exposed  nail 
heads  are  worn,  you  should  stvnd  on  a  rubber 
mat  or  other  insulated  material.  Keep  one  hand 
in  your  pocket  at  all  times,  and  hold  the  probe 
by  its  handle  with  your  other  hand.  Connect  the 
probe  tip  to  the  equipment  to  be  tested  prior  to 
the  application  of  power.  We  have  reviewed 
these  precautions  because  you  should  bear  them 
in  mind  whenever  high  voltages  are  measured. 

15-23.  At  this  time  work  the  Chapter  Review 
Exercises  for  Chapter  4  in  your  workbook. 
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IN  ADDITION  TO  the  test  instruments  already 
covered,  there  are  many  test  instruments 
designed  to  test  television,  flight  facilities,  and 
radio  equipments  and  many  others  designed  for 
microwave  measurements.  In  this  chapter  we 
will  discuss  the  most  important  and  commonly 
used  in  electronic  test  instruments  that  C-E 
repairmen  need  to  perform  their  job.  The 
instruments  included  are  those  that  measure 
power  and  frequency.  Signal  generators  will 
also  be  considered,  since  they  are  requi/ed  for 
testing  and  troubleshooting. 

16.  Power  Measuring  Instruments 

16-1.  Electrodynamic  wattmeters  are  widely 
used  for  th<  measurement  of  power.  Other 
power-measuring  instruments  of  importance 
are:  output  power  meters,  bolometer  bridges, 
and  calorimeters. 

16-2.  Electrodynamic  Wattmeters.  The 
electrodynamic  wattmeter  measures  power 
taken  from  alternating-current  or  direct- 
current  power  sources.  When  measuring  A'C 
power,  this  instrument  indicates  the  in-phase  or 
real  power.  It  can  be  modified,  however,  to 
indicate  reactive  power  instead  of  real  power. 
This  instrument  uses  the  reaction  between  the 
magnetic  fields  of  two  current-carrying  coils 
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(or  sets  of  coils),  one  fixed  and  the  other 
movable  (see  fig.  82).  When  the  current 
through  the  fixed-position  field  winding(s)  is 
the  same  as  the  current  through  the  load,  and 
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Figure  82  CircuK  of  an  electrodynam.c  wattmeter. 


Figure  83.  A  compensated  wtttmeter. 

the  current  through  the  moving  coil  is 
proportional  to  the  load  voltage,  the 
instantaneous  pointer  rotation  is  proportional 
to  the  instantaneous  power.  Since  the  moving 
system  cannot  follow  rapid  variations  in  torque 
because  of  its  longer  natural  period  of 
vibration,  its  deflected  position  is  where  the 
average  driving  torque  is  equal  to  the  restoring 
torque  of  the  springs.  Meter  deflection  is  thus 
proportional  to  the  average  power. 

16-3.  The  dynamometer-type  wattmeter 
automatically  compensates  for  the  power  factor 
error  of  the  circuit  under  test,  since  it  indicates, 
only  the  power  resulting  from  in-phase 
components  of  current  and  voltage.  With  out- 
of-phase  relationships,  a  current  peak  through 
the  moving  coil  never  occurs  at  the  same  instant 
as  the  voltage  peak  across  the  load.  The  result 
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is  less  pointer  deflection  than  when  the  current 
and  voltage  are  in  phase, 

16-4.  The  simple  meter  shown  in  figure  82 
indicates  that  power  is  being  consumed  after 
the  load  is  disconnected.  This  difficulty  can  be 
eliminated  by  incorporating  two  compensating 
windings,  mounted  with  the  primary  fixed-coil 
current  windings,  as  shown  in  figure  83.  These 
stationary  windings  produce  a  magnetic  flux 
proportional  to  the  current  through  the  moving 
coil.  As  shown  by  the  arrows  in  figure  83,  the 
currents  through  the  current  windings  and  the 
compensating  coils  flow  in  opposite  directions. 
Since  these  opposing  fields  cancel  with  the  load 
removed  from  the  circuit,  the  meter  will 
indicate  zero  power. 

16-S.  Electrodynamic  wattmeters  are  subject 
to  errors  arising  from  various  factors,  such  as 
temperature  and  frequency  characteristics  of 
the  moving  system.  Aside  from  heat  dissipation 
in  the  various  coils,  heat  through  the  control 
mechanism  will  cause  the  springs  to  lengthen 
and  lose  tension,  producing  deflection  errors. 
Figure  84  illustrates  cne  mechanical  equivalent 
of  the  electrodynamic  wattmeter.  Large 
currents  within  the  circuit  will  also  produce 
appreciable  error.  Therefore,  the  maximum 
current  range  of  electrodynamic  wattmeters  is 
normally  restricted  to  about  20  amperes.  When 
larger  AC  load  currents  are  involved,  a  current 
transformer  of  suitable  range  is  used  in 
conjunction  with  the  wattmeter.  However,  when 
measuring  total  power,  a  current  transformer 
cannot  be  used  if  the  AC  circuit  under  test 
contains  a  DC  component. 

16-6.  The  voltage  range  of  wattmeters  is 
generally  limited  to  several  hundred  volts 
because  of  heat  dissipation  within  the  voltage 
circuit.  However,  the  voltage  range  can  be 
extended  by  using  external  voltage  multipliers. 

16-7.  Wattmeters   used    as  laboratory 


standards  have  an  accurac>  of  0.1  percent, 
high-grade  portable  vvattmcters  have  an 
accuracy  of  0.2  to  0.25  percent,  and  fligh-grade 
wiichbdard  waumeiers  frave  an  accuracy  of  1 
percent.  Because  electrodynamic  wattmeter 
errors  increase  with  frequency,  the  accuracy 
decreases  appreciably  for  frequencies  above 
1000  hertz. 

16-8.  When  using^  an  unshielded 
electrodynamic  wattmeter,  you  should  not 
place  it  in  the  vicinity  of  stray  magnetic  fields. 
Also  take  care  not  to  exceed  the  current, 
voltage,  and  power  ratings  of  the  wattmeter. 
Damage  may  result  when  any  of  these  ratings  is 
exceeded,  although  excessive  meter  deflection 
may  occur  only  when  the  power  rating  is 
exceeded. 

16-9.  The  electrodynamic  wattmeter  may  be 
converted  into  an  instrument  for  measuring 
reactive  power  by  replacing  the  resistance, 
which  is  normally  in  series  with  the  voltage 
coil,  by  a  large  inductance.  A  90"  current  lag 
within  the  voltage  coil  provides  a  direct  reading 
proportional  to  the  reactive  power  in  the 
circuit.  Compensating  networks  must  be  used  to 
cause  the  phase  «hift  to  be  exactly  90". 

16-10.  Output  Power  {Meters.  Unlike  the 
electrodynamic  wattmeter,  the  output  power 
meter  is  restricted  to  the  measurement  of  the 


Figure  84.  .Mechanism  of  a  watmieter. 


Figure  85,  Basic  output  power  meter  circuit. 

,  dissipated  power  in  a  selective  resistive  load 
provided  by  the  instrument  inself.  A  diagram  of 
a  simple  output  power  meter  is  shov/n  in  figure 

E* 

85.  The  power  is  —  where  E  is  the  voltmeter 

reading.  Since  R  is  a  fixed  resistance  of  known 
value,  the  voltmeter  can  be  calibrated  to  read 
directly  in  watts.  By  using  different  values  of  R 
or  by  providing  various  multiplier  resistors  in 
the  voltmeter,  it  is  possible  for  you  io  extend 
the  range  of  the  instrument.  For  the 
measurement  of  AC  power,  a  tapped 
transformer  can  be  used  for  extending  the  range 
(see  tig.  86).  The  voltmeter  is  usually  calibrated 
to  read  watts  or  decibels. 

|6-1  I.  Db  meters.  A  db  meter  is  a  rectifier 
type  of  AC  voltmeter  or  an  AC  electronic 
voltmeter  calibrated  in  db.  The  db  meter  can  be 
incorporated  as  part  of  a  vclt-ohm- 
miiliammeter,  and  the  same  jacks  and  switch 
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Figure  «6.  Tapped  iransformer  for  output  power  meier. 

positions  used  for  AC  voltage  measurements 
are  used  for  db  measurements.  When  the  db 
meter  is  calibrated,  a  reference  point,  based  on 
a  specific  power  or  value  of  voltage  across  a 
specified  resistance,  is  selected  to  represent  0 
db.  Many  electronic  voltmeters  use  a  db  scale 
based  on  I  milliwatt  into  a  600-ohm  load  to 
represent  0  db.  Based  on  this  reference  point, 
various  voltage  readings  could  be  made  on  the 
low  AC  voltage  scale.  To  provide  a  single 
calibrated  db  scale  for  use  on  all  db  ranges,  + 
db  numbers  corresponding  to  the  voltage  ratios 
existing  between  successive  ranges  and  the  low 
AC  range  are  computed  for  each  range.  These 
numbers,  shown  on  the  front  panel  of  the 
instrument,  are  added  algebraically  to  each 
successive  range  reading  to  produce  the  correct 
value  for  that  range. 

16-12.  It  should  be  clearty  understood  that 
the  term  "decibel"  does  not.  in  itself,  indicate 
power.  It  does  indicate  a  ratio  or  comparison 
between  two  power  levels  that  permits  you  to 
calculate  the  power.  Often,  it  is  more  desirable 
to  express  performance  measurements  in  terms 
of  decibels  by  using  a  fixed  power  level  as  a 
reference.  The  original  standard  reference  level 
uas  6  milliwatts,  but  to  simplify  calculations,  a 
standard  level  of  I  milliwatt  has  been  adopted. 
Thus,  when  the  expression  dbm  is  seen,  it 
should  be  understood  that  the  reference  level  is 
1  milliwatt. 

16-13.        meters.  The  volume  unit  (vu) 
meter,  used  in  audio  equipment  to  indicate 
audio  level,  is  a  special  kind  of  power  meter.  Its 
meter  movement  has  a  rapid  rise  and  a  slow 
fall,  so  that  it  follows  the  audio  peaks  and 
modulation    envelopes.    The    unit  of 
measurement  is  the  volume  unit,  which  is 
numerically  equal  to  I  db  above  or  below  the 
reference  level  of  I  milliwatt  into  a  600*ohm 
load.  A  change  of  I  vu  is,  therefore,  the  same  as 
a  change  of  1  dbm.  It  should  be  emphasized 
that  a  vu  meter  can  always  be  used  as  a  db 
meter;  however,  a  db  meter  can  be  used  as  a  vu 
meter  only  when  the  audio  output  is  a  steady 
tone.  Some  vu- meters  arc  calibrated  to  read 
percentage  of  modulation,  as  well  as  volume 
units,  when  calibrated  to  the  equipment  with 
which  they  are  used. 


16-14.  Bolometer  Bridg^es.  The 
measurement  of  power  can  also  be  made  with  a 
bolometer  bridge  instrument.  A  bolometer  it  a 
specially  constructed  element  of  temperature* 
sensitive  material,  The  active  material  can  be  a 
short,  ultra-thin  wire  (called  a  barretter),  a 
semiconductor  bead  supported  between  two 
pigtail  leads  (called  a  thermistor),  or  a  thin 
conducting  film  of  small  dimensions.  The  most 
common  types  of  bolometers  used  to  measure 
low  power  at  high  frequencies  are  barretters 
and  thermistors. 

16-15.  When  RF  power  is  appl;^  to  a 
bolometer  element,  the  power  absorption  by 
the  element  heats  the  element  and  cau^s  a 
change  in  its  electrical  resistance.  Thus,  a 
bolometer  can  be  used  in  a  bridge  circuit  so 
that  small  resistance  changes  can  be  easily 
detected  and  power  measurernent  accomolished 
by  the  substitution  method  (that  is,  su  :tutton 
of  DC  or  low.frequency  power  to  prdiuce  an 
equivalent  heating  effect).  A  D'Arsonval  meter 
movement  is  usually  employed  as  the  null 
,  indicator.   According   to   one   principle  of 
measurement   (the   principle   used   in  the 
balanced   bridge),   the   bridge   is  initially 
balanced  with  low.frequency  bias  power;  then 
RF  power  is  applied  to  the  bolometer,  and  the 
bias  power  is  gradually  removed  until  :he 
bridge  is  again  balanced.  The  actual  RF  power 
is  equal  to  the  bias  power  removed.  According 
to  another  principle  of  measurement  (the 
principle  used  in  the  unbalanced  bridge),  the 
bridge  is  not  rebalanced  after  the  RF  power  is 
applied.   Rather,   the   indicator   reading  is 
converted  directly  into  power  by  use  of  a 
calibration  previously  performed.  Figure  87 
illustrates  the  basic  bolometer  bridge  circuit. 
The  bolometer  element  must  be:  (1)  physically 
small   to   be   highly  sensitive,  (2)  equally 
responsive  to  low-frequency  and  RF  power, 
and  (3)  matched  to  the  RF  input  powerline. 

16-16.  Calorimeters.  Calorimeters  (heat 
measuring  devices)  are  the  most  accurate  of  all 
instruments  for  the  measurement  of  high  power. 


Figure  87.  Basic  bolometer  bridge  circuit. 
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They  depend  on  the  complete  conversion  of  the 
input  electromagnetic  energy  into  heat.  Direct 
heating  requires  the  measurement  of  the  heat:nj> 
effect  on  the  medium,  or  load,  terminating  the 
line.  Indirect  heating  requires  the  measurement 
of  the  heating  effect  on  a  medium  or  body  other 
than  the  original  power  absorbing  matciial. 
Power  measurement  with  true  caiorimetcr 
methods  is  based  solely  on  temperature,  mass, 
and  time.  Substitution  methods  use  a  known 
low*frequency  power  to  produce  the  same 
physical  effect  as  an  unknown  RF  power  being 
measured.  Calorimeters  are  classified  as  static 
(or  nonflow)  types  and  circulating  (or  flow) 
types. 

16-17.  The  static  calorimeter  uses  a 
thermally  shielded  body  and,  since  an  isolated 
body  loses  little  heat  to  a  surrounding  medium, 
the  temperature  increase  of  the  body  is  in  direct 
proportion  to  the  time  of  applied  power.  The 
product  of  the  rate  of  temperature  rise  in  the 
calorimetric  body  and  its  heat  capacity  equals 
applied  power.  Figure  88  illustrates  a  static- 
type  calorimeter. 

16-18.  Flow  calorimeters  are .  classified  by 
( 1 )  the  type  of  circulating  method  used  (open  or 
closed),  (2)  the  type  of  heating  used  (direct  or 
indirect),  and  (3)  the  type  of  measurement 
performed  (true  calorimetric  or  substitution). 
Water  or  other  calorimetric  fluid  is  used  only 
once  in  an  open  system.  An  overflow  system  is 
used  to  maintain  a  constant  rate  of  flow.  Closed 
systems  recirculate  the  fluid  continuously  by 
means  of  a  pump,  and  a  cooling  system  restores 
the  fluid  to  ambient  temperatures  prior  to  its 
return  to  the  calorimeter  Closed  systems  are 
more  elaborate,  but  this  self-contained  method 
permits  the  use  of  fluids  other  than  water. 

16-19.  Flow  calorimeters  provide  the 
primary  standards  for  the  measurement  of  high- 
power  levels  and,  in  conjunction  with 
calibrated  directional  couplers,  attenuatois. 
power  dividers,  or  other  similar  devices,  serve 
to    standardize    medium-    and  low-power 
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Figure  88.  Static  calorimeter 


measuring  instruments.  The  meai.vremeni  time 
depends  upon  the  required  lime  for  ij?e  entering 
fluid  to  reach  the  outlet  where  the  rise 
temperature  is  measured. 

16-20.  The  circulating  fluid  may  serve  in  a 
dual  capacity  as  the  dissipative  medium  and 
coolant,  using  the  direct  heating  method,  or 
solely  as  a  coolant,  using  the  indirect  heating 
method.  Because  of  its  excellent  thermal 
properties  and  high  dielectric  loss  at  1000  MHz 
or  higher,  water  is  normally  used  in  both 
heating  methods.  Water  is  rarely  used  as  the 
fluid  at  frequencies  lower  than  1000  MHz 
because  of  insufficient  dielectric  losses.  The 
indirect  heating  method  offers  a  wider 
frequency  and  power  range  coverage  and  can  be 
used  in  substitution  type  measurements. 

16-21.  Substitution  methods  do  not  involve 
direct  heat-dissipation  measurement  of  moving 
fluid.  Greater  accuracy  is  obtained  because 
known  low-frequency  power  is  substituted  for 
unknown  RF  power,  with  all  other 
measurement  parameters  remaining  constant. 
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Figure  89.  Flow  calorimeter. 

The  accuracy  depends  on  the  exactness  of  the 
low-frequency  power  determination  and  on  the 
degree  that  all  factors  remain  fixed  during  the 
substitution  of  one  type  of  power  for  another. 
Figure  89  illustrates  a  flow  calorimeter  using 
low- frequency  power  substitution.  Two 
different  measurement  techniques  are  possible 
with  this  type  of  meter:  (1)  the  calibration 
technique  and  (2)  the  balance  technique. 

16-22.  The  calibration  technique  uses  an 
adjustable  known  power  to  reproduce  exactly 
the  same  temperature  indication  originally 
obtained  by  the  uniinown  RF  power 
measurement. 

16-23.  The  balance  technique  uses  an  initial 
low-frequency  power  (PI )  to  provide  a  steady- 
state  temoerature  rise  in  the  calorimetric  fluid. 
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Figure  90.  Balanced  tlow  calorimeter. 

When  unknown  RF  power  is  applied,  the 
original  power  (PI)  is  reduced  to  a  new  power 
(P2)  to  maintain  the  same  temperature 
indication.  Therefore,  the  actual  pcwer  equals 
PI-P2.  Figure  90  illustrates  a  widely  used 
method  of  power  measurement,  using  a 
balanced 'flow  calorimeter.  Temperature - 
sensitive  resistors  are  bridge  connected  as  the 
thermometric  elements  and  are  balanced  at 
ambient  temperature  prior  to  the  application  of 
power.  Low-frequency  balancing  power  and  the 
unknown  RF  power  are  applied  to  maintain  the 
bridge  at  null.  This  occurs  when  the 
temperature  rise  due  to  the  unknown  RF  power 
equals  the  temperature  rise  which  is  due  to  the 
know  low-frequency  power. 

16-  24.  Airflow  calorimeters  use  the 
subsitution  power  principle  and  are  used  in  the 
UHF  region  to  measure  power  on  the  order  of 
20  watts.  This  instrument  consists  primarily  of 
a  coaxiul  line  section  containing  a  tungsten 
filament  center  conductor  within  an  evacuated 
envelope,  to  act  as  both  the  low-frequency  and 
RF  load.  A  thermopile  indicates  the 
temperature  difference  between  the  forced  air 
that  enters  and  leaves  the  coaxial  inclosure  that 
houses  the  termination. 

17.  Frequency  Tcsl  Instruments 

17.1  There  are  several  types  of  frequency 
test  instruments  which  are  useful  to  the 
electronics  repairman.  These  are  wavemeiers. 
grid-dip  meters,  heterodyne  (beat)  frequency 
meters,  and  frequency  counters. 

17-  2  Wavemeters.  Wavemeters  are  of  two 
basic  types;  (1)  reaction  and  (2)  absorption. 


80th  types  are  passive;  that  is,  bclh  abs^irb  part 
of  the  output  power  of  the  equipment  whose 
frequency  is  undergoing  measurement  The 
reaction  wavemeter  abi  very  little  power 
and  is,  therefore,  preft.  red  for  use  when 
frequencies  in  low-power  equipment  are  to  be 
measured.  An  indication  of  resonance  is 
supplied  by  the  equipment  undergoing 
measurement,  usually  in  the  form  of  an 
ammeter  of  suitable  range.  The  absorption 
wavemeter  is  more  accurate  than  the  reaction 
wavemeter,  but  it  absorbs  slightly  more  power 
from  the  device  under  test.  Since  it  tends  to 
load  the  equipment  undergoing  examination,  its 
use  is  generally  restricted  to  high-powered 
equipment.  The  indicator  of  resonance,  usually 
a  meter  or  a  lamp,  is  connected  into  the  tank 
circuit  of  the  wavemeter.  When  the  ultra-high 
radio  frequencies  (300  to  3000  MHz)  are 
reached,  it  is  physically  impossible  to  use  the 
ordinary  type  of  absorption  wavemeter.  The 
reason  for  this  is  that  such  small  values  of 
capacitance  and  inductance  are  required  for 
resonance  at  these  high  frequencies,  that  it  is 
hot  feasible  to  manufacture  them.  If  the 
wavemeter  type  of  frequency  meter  is  to  be  used 
in  this  region  of  the  radio-frequency  spectrum, 
it  is  necessary  to  use  either  a  resonant-cavity  or 
resonant-line  type  of  frequency  meter. 

17-3.  For  conducting  preliminary 
adjustments  on  transmitters  and  for  general 
experimental  work,  the  simple  resonant-circuit 
wave-meter  is  a  valuable  tool.  However, 
wavemeters  cannot  be  used  where  accurate 
measurements  are  required,  because  they  tend 
to  detune  self-excited  oscillator  circuits  to 
which  they  are  coupled.  The  brightest  lamp 
indication  or  highest  meter  indication  normally 
registers  the  fundamental  frequency.  Therefore, 
this  type  of  meter  is  very  useful  ( I )  for  checking 
a  transmitter  to  determine  whether  or  not  the  ' 
master  oscillator  is  operating  close  to  the 
correct  fundamental  frequency,  (2)  for 
checking  the  neutralization  of  an  amplifier,  (3) 
for  detecting  the  presence  of  radio-frequency 
parasitic  oscillations,  ^nd  (4)  for  determining 
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Figure  9!    Reaction -type  wavemeter 
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Figure  92.  Absorption -type  wavemeter. 

radiated  field  strength  in  relative  measurement 
terms. 

17-4.  Reaction  wavemeters.  The  circuit  of  a 
reaction-type  wavemeter,  containing  a  coil  and 
a  variable  capacitor,  is  shown  in  figure  91.  The 
range  of  frequency  measurement  of  the 
wavemeter  is  changed  by  the  use  of  plug-in 
coils.  The  coil,  which  is  external  to  the 
wavemeter,  is  loosely  coupled  to  the  circuit 
whose  frequency  is  to  be  measured.  The 
resonant  frequency  of  the  wavemeter  is  made 
equal  to  the  frequency  of  the  circuit  under 
measurement  by  varying  tnc  capacitor.  At  some 
point  within  the  frequency  range  of  the 
capacitor-coil  combination,  the  indicating 
device  will  indicate  maximum  or  minimum 
deflection,  depending  upon  the  circuit  location 
of  the  indicator.  Whisn  the  wavemeter  is 
adjusted  to  the  resonant  point  (maximum 
loading  effect),  it  is  important  that  the  coupling 


be  reduced  lo  the  point  which  produces  a 
barely  usable  indication.  If  the  coupling  is  not 
reduced,  a  sharp  indication  of  resonance  will 
not  be  obtained  and  a  consequent  error  will  be 
introduced. 

17-5.  Absorption  wavemeters.  The 
absorption  wavemeter,  shown  in  figure  92,  is 
basically  the  same  as  the  reaction  wavemeter 
previously  discussed.  An  inspection  of  figure 
92  shows  that  the  indicator  has  been  included 
as  part  of  the  internal  circuitry  of  the 
absorption  wavemeter.  The  fixed  capacitor, 
connected  across  the  terminals  of  the  indicating 
lamp,  has  a  much  greater  capacitance  than  the 
variable  capacitor.  This  large  capacitance 
permits  a  voltage  to  be  developed  at  resonance 
to  light  the  lamp,  and  at  the  same  time  it  has 
negligible  effect  on  the  resonant  circuit  because 
of  its  low  reactance. 

17-6.  When  this  type  of  wavemeter  is 
coupled  into  the  circuit  under  te^t,  care  must  be 
used  as  resonance  is  approached  so  that  the 
lamp  will  not  burn  out.  The  dial  should  be 
rotated  slowly  and,  as  the  lamp  begins  to  glow, 
the  wavemeter  coupling  should  be  reduced.  For 
greater  accuracy,  the  wavemeter  should  be 
coupled  so  that  maximum  brilliance  is  only  a 
faint  glow.  A  well-constructed  instrument  will 
provide  an  accuracy  of  0.25  to  2  percent. 
Because  of  changes  in  capacitance  or  induction 
from  vibration  or  from  temperature  and 
humidity  changes,  it  is  often  necessary  to 
recheck  the  calibration. 

17-7.  Grid-Dip  Meters.  It  is  often  desirable 
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Figure  94.  Block  diigrtm  of  t  basic 
heterodyne  frequency  meter. 


to  determine  the  approximate  frequency  of  a 
tuned  circuit  before  power  is  applied  to  it.  Such 
a  determination  can  be  made  with  an 
instrument  called  a  grid-dip  meter.  This 
instrument  is  essentially  an  oscillator,  as  shown 
in  figure  93.  The  variable  capacitor  is 
calibrated  in  kilohertz  or  megahertz.  To  make  a 
measurement,  the  coil  is  coupled  inductively  to 
the  tuned  circuit  under  test.  The  variable 
capacitor  is  adjusted  until  the  meter  irfdicates  a 
minimum  grid  current.  At  this  point,  the  tuned 
circuit  under  test  is  absorbing  the  maximum 
amount  of  energy  from  the  grid-dip  oscillator. 
Therefore,  the  grid-dip  meter  is  tuned  to  the 
frequency  of  the  circuit  under  test.  This 
frequency  is  read  directly  on  the  calibrated  dial 
of  the  instrument. 

17-8.  Since  the  grid-dip  meter  generates  a 
signal,  it  is  an  active  instrument.  A  wide 
frequency  range  is  obtained  by  using  plug-in 
type  coils.  It  is  designed  so  that  the  coil  can  be 
inductively  coupled  to  the  circuit  under  test. 
For  maximum  accuracy,  the  grid-dip,,,  meter 
should  be  loosely  coupled  so  that  the  dip  in 
grid  current  is  distinct. 

17-9.  Heterodyne*Frequency  Meters. 
Frequency  can  be  measured  more  accurately 
with  a  specially  designed  instrument  called  a 
heterodyne-frequency  meter.  It  is  a  precision 
instrument  that  measures  an  unknown 
frequency  by  heterodyning  it  with  a  known 
frequency  which  is  obtained  from  a  calibrated, 
high-precision,  variable-frequency  oscillator 
(VFO).  When  zero  beat  is  obtained,  the 
unknown  frequency  is  that  of  the  VFO.  The 
zero-beat  indicator  in  test  equioment  of  this 
type  is  generally  a  pair  of  headphones; 
however,  some  heterodyne-frequency  meters 
employ  an  oscilloscope  for  this  purpose. 

17-10.  Operation.  The  basic  heterodyne 
meter  (shown  in  the  block  diagram  of  figure  94) 
is   a    calibrated   variable   oscillator  with 


associated  circuits,  which  heterodynes  against 
the  frequency  to  be  measured.  Coupling  is 
arranged  between  the  frequency  meter  and  the 
output  of  the  device  under  test.  The  calibrated 
oscillator  is  then  tuned  so  that  the  difference 
between  the  oscillator  frequency  and  the 
unknown  frequency  is  in  the  audio*frequency 
range.  This  difference  in  frequency  is  known  as 
the  beat  frequency,  when  detected  and 
amplified,  it  is  audible  in  a  headset.  This  region 
of  beat  frequencies  is  shown  diagrammatically 
in  figure  95.  Starting  at  point  A  on  the  figure,  a 
very  high«pitched  note  can  be  heard  in  the 
headset.  As  the  two  frequencies  are  brought 
closer  to  the  same  value  (decreasing  difference), 
the  tone  decreases  in  pitch  down  to  point  B. 
Here  the  tone  is  replaced  by  a- series  of  rapid 
clicks. 

17-11.  As  the  process  continues  still  further, 
the  clicks  decrease  in  rapidity  until  they  stop 
altogether  at  point  C.  This  is  the  point  of  zero 
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Figure  95.    Beat  frequency  diagram. 
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beat,  where  the  frequency  generated  in  the 
calibrated  oscillator  is  equal  to  the  frequency  of 
the  unknown  signal  being  measured.  For  all 
practical  purposes,  zero  beat  is  obtained  when 
clicks  are  heard  at  raiher  infrequent  intervals, 
since  it  is  extremely  difficult  to  maintain  a 
condition  of  absolute  silence  in  the  headset 
over  a  prolonged  interval  of  time.  When  the 
incoming  signal  is  fairly  strong,  the  clicks  are 
sharp  and  distinct.  When  the  signal  is  weak,  the 
zero-beat  condition  is  evidenced  by  a  slowly 
changing  swishing  or  rushing  sound  in  the 
headset. 

17-12.  If  one  of  the  two  original  frequencies 
is  varied  still  further,  the  npidity  of  clicks 
increases  to  point  D.  At  this  point,  a  low- 
pitched  tone  is  heard.  Further  variation  in  the 
same  direction  causes  a  gradual  increase  in 
pitch  until  point  E  is  reached,  where  the  beat 
note  becomes  inaudible  again.  This  region  of 
Increasing  pitch  on  both  sides  of  the  zero  beat 
is  characteristic  of  this  procedure. 

17-13.  After  the  zero  beat  is  obtaint;\  the 
dial  reading,  when  properly  interpolated, 
corresponds  to  the  frequency  under 
measurement.  Aural  beats,  heard  by  the  use  of 
headphones,  may  be  acceptable  to  obtain  an 
approximate  indication  of  zero  beat.  It  should 
be  apparent  that  this  method  leaves  a  small 
doubtful  region  in  the  shaded  area,  BCD  on 
figure  95.  The  generally  accepted  audible  range 
of  the  normal  human  ear  has  a  lower  limit  of  1 5 
to  20  hertz.  Under  these  circumstances,  the 
area  BCD  could  represent  an  error  of  30  to  40 
hertz,  or  more  in  some  cases. 

17-14.  To  overcome  this  type  of  difficujty, 
simple  oscilloscope  circuitry  is  included  as  a 
part  of  some  heterodyne-frequency  meters  to 
provide  exceptional  sensitivity.  The  sensitivity 
of  the  device  increases  with  the  amount  of 
amplification  preceding  the  cathode-ray  tube. 
No  vertical  deflection  occurs  at  the  zero-beat 
condition.  An  effective  indicator  suitable  for 
incorporation  within  a  frequency  meter  uses  an 
electron-ray  indicator  tube.  The  sensitivity  of 
this  simple  device  is  excellent.  Other  types  of 
visual  indicators  are  vacuum-tube  voltmeters, 
rectifier-type  audio-frequency  voltmeters,  and 
neon  lamps. 

17-15.  The  variable-frequency  oscillator 
(VFO)  is  the  source  of  the  signals  used  in 
making  frequency  checks  on  receivers  and 
transmitters.  One  of  the  prime  requisites  of  the 
variable-frequency  oscillator  is  stability  of 
oscillations.  As  you  know,  there  arc  various 
means  of  obtaining  this  stability. 

17-16.  The  use  of  plug-in  coils  or  switches  is 
generally  unsatisfactory  since  they  are 
mechanically  unstable.  Many  VFOs  are  tuned 


by  havinj*^  llieir  tuning  capacitor  rotated  by  a 
precision-type  split  bronze  worm  wheel  and  a 
hardened  stainless  steel  worm  gear.  This 
portion  of  the  tuning  unit  is  not  readily 
r<?p!accd  without  materially  affecting  the 
calibration  of  the  frequency  meter  When 
construction  throughout  the  meter  is  sturdy  and 
high-grade  ceramics  are  used  as  insulators  in 
the  oscillator  circuit,  a  precise  frequency 
calibration  will  hold  over  a  long  period  of  time. 

17-17.  The  circuit  usually  employed  as  the 
variable-frequency  oscillator  is  the  electron- 
coupled  oscillator.  One  of  the  reasons  for  this 
choice  of  oscillator  circuit  is  that  the  output 
frequency  can  be  made  very  stable  with  respect 
to  loading  conditions  in  the  output  circuits. 
Another  reason  is  that  with  the  use  of  screen- 
grid  tubes,  the  generated  frequency  can  be 
made  relatively  independent  of  tube  supply 
potentials,  as  long  as  the  ratio  of  the  plate-to- 
screen  potentials  is  maintained  near  the  desired 
value.  Sometimes  frequency-determining 
elements  of  the  VFO  are  inclosed  within  a 
temperature-compensating  oven  to  prevent  the 
effects  of  ambient  temperature. 

17-18.  Crystal  checkpoints.  Accumulated 
errors  from  changes  in  temperature,  humidity, 
and  power-supply  potentials,  as  well  as  rough 
handling,  can  be  corrected  at  a  number  of 
places  throughout  the  tuning  range  of  the 
instrument.  This  can  be  done  by  means  of  the 
beat  notes  between  the  fundamental  frequency 
of  the  VFO  (or  its  harmonics)  and  the 
fundamental  frequency  of  crystal  oscillator  (or 
its  harmonics). 

17-19.  The  harmonics  of  both  oscillators  are 
present  in  an  unbroken  series,  with  decreasing 
amplitude  as  the  order  of  the  harmonic 
increases.  Since  any  harmonic  of  one  oscillator 
beating  with  any  harmonic  of  the  other  can 
produce  a  beat  note,  there  is  considerable 
variation  in  the  strength  of  the  beat  notes  as  the 
dial  is  tuned  across  its  tuning  range.  For 
convenience  and  accuracy,  the  relatively  strong 
beat  notes  are  chosen  as  crystal  checkpoints. 

17-20.  By  calibrating  and  correcting  at  a 
crystal  checkpoint,  the  heterodyne-frequency 
meter  is  adjusted  so  that  the  frequency 
generated  by  the  variable-frequency  oscillator 
at  a  given  dial  setting  is  actually  the  same  as  the 
frequency  listed  opposite  the  dial  setting  in  the 
calibration  book. 

17-21.  Calibration  book.  The  calibration 
book  is  a  very  important  part  of  the  frequency 
meter;  in  fact,  the  book  is  so  important  that  it 
bears  the  same  serial  number  as  the  instrument 
itself.  The  information  contained  within  this 
book  is  a  list  of  the  dial  settings  and  the 
corresponding  frequencies  produced  by  the 
meter  at  those  dial  settings.  Concise  operating 

'  110 


Ml. 
WUMONfOt 


C 


KVOITN  OIIAOUATION  OM  TNC 


stoao  oiAc  NUNOMCoa 
r«.o  mm  tuhhg  dial 

Figure  96.  Heterodyne  frequency  meter  diai. 

instructions  for  the  frequency  meter  are  also 
included.  Crystal  checkpoints  are  usually 
entered  in  this  book  in  red-ink  numerals  at  the 
top  and  bottom  of  each  page,  and  apply  only  to 
the  settings  on  that  page,  while  the  black-inked 
entries  are  the  settings  for  the  actual  measured 
frequency. 

17-  22.  Main  tuning  dial.  The  main  tuning 
dial  is  an  assembly  to  two  mechanical  drive 
units  connected  to  the  variable-frequency 
oscillator  tuning  capacitor.  A  drum  dial, 
located  behind  a  small  window  (see  figure  96), 
indicates  the  setting  of  the  main  tuning  dial  in 
units  of  100  per  division.  The  main  tuning  dial 
itself  is  the  large  drive  dial  on  the  front  panel  of 
the  meter.  It  is  calibrated  in  units  of  I  per 
division.  For  one  complete  revolution  of  the 
main  tuning  dial,  representing  100  units,  the 
drum  dial  will  move  one  division.  A  vernier  is 
mounted  in  a  fixed  position  above  and  on  the 
outside  edge  of  the  main  tuning  dial.  The 
vernier  indicates  tenths  of  a  division  of  the 
main  tuning  dial. 

18.  Frequency  Counters 

18-  1.  The  frequency  counter  is  an  electronic 


measuring  instrument  designed  to  register  and 
display,  by  digits,  the  number  of  cycles  that 
occur  during  a  specific  time  interval.  This 
instrument  permits  the  rapid,  direct 
measurement  of  the  frequency  of  period  of  a 
signal. 

18-2.  Frequency  counters  have 
predominantly  used  electron  tubes,  but  there  is 
a  definite  trend  toward  the  increased  use  of 
iransistors  and  magnetic  devices.  Although 
counters  differ  in  many  details,  they  are  all 
essentially  the  same.  The  differences  are 
primarily  those  of  capabilities  and  range.  This, 
of  course,  means  that  their  circuitry  differs.  Ln 
complexity.  Since  the  details  of  difference  are 
too  numerous  to  discuss  in  this  course,  let  us 
give  our  attention  to  the  principles  of  operation 
and  the  essential  sections  contained  within 
these  instruments. 

18-3.  Functionvl  Sections.  Figure  97  shows 
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Figure  97.  Block  diagram  of  a  frequency  counter. 

a  block  diagram  of  a  Dasic  frequency  counter. 
The  signal  to  be  measured  is  fed  into  the  input 
section,  where  it  is  amplified  and  shaped  before 
reaching  the  gate  section.  The  purpose  of  the 
time-base  section  is  tu  generate  a  stable  square 
wave  of  known  frequency.  The  output  from  the 
time-base  section  is  modified  by  the  gate 
section  to  provide  a  pulse  for  the  reset  section^ 
and  to  develop  a  precise  time  interval  for 
transfer  of  the  unknown  signal  to  the  display 
section.  The  display  section  counts  the  number 
of  pulses  and  gives  d  digital  readout.  This,  in 
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Figure  98.  Input  section. 
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Figure  99.  Schmiii  trigger  circuit. 


brief,  is  what  takes  place;  but  you  need  to  know 
more  about  each  of  the  sections  to  understand 
how  a  counter  operates. 

18-4.  Input  section.  The  input  section 
consists  of.  one  or  more  amplifiers  and  a 
squarer  stage.  Figure  98  shows  two  stages  of 
amplification  preceding  tne  squarer.  These 
amplifiers  are  conventional  types;  therefore,  we 
need  not  analyze  them.  The  Indicated  negative 
feedback  may  be  obtained  in  a  number  of  ways 
to  increase  the  input  impedance  and  stabilize 
the  system.  The  squarer  shapes  the  signal  into  a 
near  perfect  rectangular  waveform.  Because  the 
Schmitt  trigger  circuit  is  particularly  well  suited 
for  this,  it  is  commonly  used.  A  review  of  the 
operation  of  this  type  of  squarer  will  reveal  why 
it  is  an  excellent  waveshaping  circuit  for 
counters. 

18-5.  The  basic  Schmitt  trigger  circuit  is 
actually  a  bistable  multivibrator  (see  figure  99). 
We  have  chosen  to  use  electron  tubes  for 
explanation  purposes,  but  bear  in  mind  that 
transistors  (NPN  or  PNP  types)  are  also  used. 
Although  component  values  and  bias  voltages 
are  quite  different,  the  operating  principles  and 
circuit  configuration  are  fundamentally  alike 
for  electron  tubes  and  transistors.  Bias 
adjustments  are  critical  for  proper  operation. 
Switching  from  full  conduction  to  cutoff  of  the 
amplifying  device  is  virtually  instantaneous. 
This  rapid  switching  is  a  very  desirable  feature. 


of  course,  since  it  produces  an  output  signal 
with  steep  leading  and  trailing  edges.  Let  us 
now  briefly  discuss  why  biasing  is  critical  and 
how  rapid  switching  occurs. 

18-6.  Refer  again  to  figure  99.  Note  that  in  a 
basic  Schmitt  trigger  circuit,  the  plate  of  VI  is 
coupled  via  a  voltage  divider  to  the  grid  of  V2. 
The  capacitor  connected  across  the  upper 
portion  of  this  voltage  divider  is  to  increase  the 
initial  response  of  V2  to  a  voltage  change  on 
the  plate  of  VI.  Note  also  that  the  cathode 
resistor  is  common  to  VI  and  V2;  it  therefore 
provides  feedback  coupling  in  addition  to  bias 
for  both  tubes.  The  bias  is  established  by  Rk 
and  Rg  so  that  VI  is  cut  off  and  V2  is 
conducting  its  maximum.  Consequently,  the 
plate  of  VI  is  at  a  high  voltage  (practically  B+) 
and  the  plate  of  V2  is  at  a  low  voltage.  This  is 
the  normal  stable  state  when  there  is  no  signal 
input  to  the  circuit  shown. 

18-7.  We  have  intentionally  distorted  the 
input  signal  in  figure  99  to  point  out  thai  the 
shape  of  the  input  signal  is  not  critical,  which  is 
another  advantageous  feature  of  this  circuit. 
Tube  VI  is  biased  below  cutoff  to  a  degree  that 
prevents  noise  signals  from  actuating  the 
circuit.  This  adjustment  is  important,  since  only 
the  signal  under  test  should  trigger  the  circuit. 
Once  the  bias  is  adjusted,  VI  will  be  driven  into 
conduction  at  a  prescribed  signal  voltage.  We 
see,  in  figure  99,  that  this  voltage  is  reached  at 
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time  Tl.  and  VI  conducts.  Instantaneously,  the 
plate  voltage  of  VI  decreases,  thereby 
decreasing  the  grid  voltage  of  V2;  thus,  the 
cathode  voltage  of  V2  decreases.  Because  the 
cathodes  of  VI  and  V2  are  direct  coupled,  this 
decrease  in  cathode  voltage  effectively 
decreases  the  bias  on  VI  and  causes  it  to 
conduct  harder.  In  other  words,  we  have 
regenerative  feedback,  which  accounts  for  the 
rapid  switching  action  from  one  stable  state  to 
the  other  state.  Between  the  times  Tl  and  T2, 
VI  is  conducting  and  V2  is  cut  off.  At  time  T2 
the  process  works  to  reverse  the  stable  states  of 
the  tubes,  V 1  is  driven  to  cutoff,  and  V2  goes  to 
full  conduction.  Study  the  waveforms  in  figure 
99  and  note  that  at  times  T3  and  T4  switching 
occurs  exactly  as  described  at  times  Tl  and  T2, 
respectively.  The  recurring  rectangular  output 
is  seen  to  have  a  frequency  which  is  identical  to 
that  of  the  input  signal;  the  period  is  the  time 
interval  between  Tl  and  T3. 

18-8.  Schmitt  trigger  circuits  vary  a  great 
deal  in  design,  depending  upon  the 
requirements  that  must  be  met,  such  as 
switching  times  and  driving  voltage.  Like  other 
multivibrators,  the  output  can  be  taken  from 
the  plate  of  either  tube.  Modifications  ir 
Schmitt  trigger  circuits,  however,  do  not  change 
the  operating  principles  that  we  have  covered. 

18-9.  The  output  from  the  Schmitt  trigger 
circuit  or  another  type  squarer  is  fed  out  of  the 
input  section  into  the  gtite  section.  Before 
discussing  the  gate  section,  however,  we  need  to 
learn  what  is  contained  within  the  time-base 
section,  since  the  output  of  this  section  is  also 
fed  into  the  gate  section.  The  precision  of  the 
counter  is  greatly  dependent  upon  the 
operation  of  the  units  within  the  time-base 
section. 


18-10,  Time-base  section.  The  units  that 
comprise  the  time-base  section  are  shown  in 
figure  100.  You  know  there  are  many  kinds  of 
sinusoidal  crystal  oscillators.  Whichever  kind  is 
used,  its  crystal  is  contained  within  a 
temperature-controlled  oven  to  insure  a  high 
degree  of  frequency  stability.  A  constant  output 
frequency  is  of  utmost  importance.  Loading 
effects  upon  the  oscillator  are  reduced  by 
feeding  its  output  into  a  buffer  amplifier.  We 
have  shown  only  one  stage  of  amplification,  but 
you  should  realize  that  more  amplifiers  may  be 
employed.  The  squarer  shapes  the  sine  wave 
generated  by  the  oscillator.  Often,  the  squarer 
is  simply  a  limiter  stage  that  clips  the  positive 
and  negative  alternations  to  produce  a  square 
wave.  The  square-wave  output  is  applied  to  a 
series  of  decade  frequency  dividers. 

18-11.  Each  frequency  divider  steps  down 
the  frequency  by  a  fixed  ratio — in  this  case 
10:1.  One  popular  way  is  to  differentiate  the 
output  of  the  squarer  and  to  use  every  tenth 
positive-  or  negative-going  pulse  to  trigger  a 
monstable  multivibrator.  Since  you  should 
already  know  how  frequency  divisions  can  be 
accomplished,  we  will  not  discuss  circuitry. 

18-12.  Our  block  diagram  shows  six 
frequency  dividers  (see  figure  100),  each  of 
which  gives  an  output  square  wave  that  is  one- 
tenth  the  frequency  of  its  input.  By  a  selector 
switch,  the  desired  time  period  is  chosen  and 
sent  to  the  gate  section.  The  time  markings  on 
the  selector  switch  correspond  to  the  period  of 
the  respective  frequencies.  Less  dividers  may  be 
used  if  a  wide  range  is  not  necessary.  Counters 
designed  for  high-frequency  measurements  use 
higher  frequency  crystals  and  may  also  have  a 
heterodyne  unit  to  extend  its  low  frequency 
range. 
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18-13.  Ga/^  section.  Here,  again,  we  are 
confronted  with  numerous  ways  of 
accomplishing  the  desired  results.  The  system 
that  we  will  explain  demonstrates  the  necessary 
functions  that  must  be  performed  by  the  gate 
section.  Refer  again  to  figure  97  and  note  that 
the  gate  section  has  two  inputs  (one  from  the 
input  section  and  one  from  the  time-base 
section)  and  two  outputs  (one  to  the  reset 
section  and  one  to  the  display  section). 
Recalling  what  we  previously  said,  you  know 
that  both  inputs  are  rectangular  waveforms.  Let 
us  now  find  out  how  these  inputs  are  used  and 
what  outputs  are  produced. 

18*14.  At  point  A  in  figure  101,  we  see  the 
input  rectangular  waveform  that  has  the 
frequency  of  the  signal  under  test.  After  being 
differentiated,  it  appears  at  point  B  as  a  series 
of  alternately  positive  and  negative  pulses. 
These  pulses  are  applied  to  a  circuit  that  gates 


when  two  positive  inputs  are  received 
simultaneously  (this  circuit  is  called  a  positive 
AND  gate).  This  gate  is  normally  disabled 
because  the  input  from  point  Y  is  normally  low. 
Both  multivibrators.  Ml  and  M2,  are  normally 
set  to  have  a  low  output  at  points  S  and  Y, 
respectively. 

18-15.  Looking  now  at  point  C  in  figure 
101,  we  see  the  input  waveform  from  the  time- 
base  section.  This  waveform  is  differentiated  as 
shown  at  point  D.  Because  of  the  diode  in  series 
with  the  input  to  Ml, 'Only  the  negative-going 
pulses  (calied  clock  pulses)  appear  at  point  E. 
These  pulses  will  not  actuate  Ml  when  it  is  in 
!ts  normal  stable  state.  The  same  is  true  for  M2, 
which  is  receiving  negative-going  clock  pulses 
also. 

18-16.  Thus  far,  we  have  established  the 
normal  state  of  affairs.  The  AND  gate  is 
disabled,  .so  no  output  pulses  appear  at  point  0 


no 


ii 


0 


( 
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to  be  fed  into  the  displav  section.  Moreover, 
until  a  change  ot  state  is  effected  in  M 1,  there  is 
no  pulse  at  point  S  to  ^e  fed  out  into  the  reset 
section. 

18-17.  Let  us  now  apply  an  input  (called  a 
read  pulse)  to  point  R.  This  pulse  actuates  Ml 
at  tinne  TO.  Immediately  the  voltage  at  S  goes 
high  and  stays  high  until  time  Tl.  At  Tl,  the 
clock  pulse  to  Ml  (point  E)  is  effective  and 
restores  Ml  to  its  normal  state.  Note  that  this 
action  has  produced  a  positive  pulse  at  point  S 
which  goes  out  to  the  reset  section.  This  same 
pulse  is  differentiated  and  appears  at  point  X  as 
a  positive  and  a  negative  trigger  pulse.  The 
positive  trigger  pulse  does  not  affect  M2,  but 
the  negative  ones  do.  Thus,  at  time  Tl,  point  Y 
goes  high  and  stays  high  until  time  T2,  when 
the  clock  pulse  to  point  ^  restores  M2  to  its 
normal  state.  During  the  time  interval  Tl  to  T2 
(which  is  the  period  of  the  time-base  signal),  the 
AND  gate  is  enabled.  This  means  that  pulses 
appear  at  point  0.  These  pulses,  which  have  the 
frequency  of  the  signal  under  test,  are  fed  out  to 
the  display  section,  where  they  are  counted. 
Therefore,  a  count  is  made  for  the  precise  time 
interval,  Tl  to  T2.  When  Y  returns  to  a  low 
voltage  at  time  T2,  the  entire  section  is  back  to 
its  normal  state.  No  further  action  occurs  until 
another  read  pulse  is  injected  at  point  R.  Read 
pulses  may  be  applied  by  manual  operation  or 
by  automatic  recycling  controls. 

18-18.  The  time  relationships  of  the  signals 
can  be  readily  seen  in  figure  102.  Study  this 
figure  in  conjunction  with  figure  101.  Note 
particularly  that  the  output  to  the  reset  section 
(point  S)  precedes  the  output  to  the  display 
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Figu^  102.  Frequency  counter  waveshapes. 


section  (point  0).  Alrhoush  we  show  onlv  five 
output  pulses  at  point  0;  you  should  realize  that 
several  thousand  or  more  pulses  may  occur 
during  the  time  interval  Tl  and  T2. 

18-19.  As  you  know,  there  are  other  gating 
arrangements  that  could  produce  similar 
outputs.  Multivibrators  may  be  tube  or 
transistor  types.  Sometimes  magnetic  bistable 
devices  are  used  in  place  of  multivibrators. 
Nevertheless,  the  system  we  have  just  discussed 
should  give  you  a  general  idea  of  the  purpose 
and  function  of  the  gate  section. 

18-20.  Reset  section.  The  function  of  this 
section  is  to  reset  (or  preset)  the  counting  units 
within  the  display  section.  Remember  that  an 
output  pulse  from  the  gate  section  is  fed  into 
the  reset  section  before  the  display  section 
receives  its  input  signal.  This  is  necessary,  of 
course,  because  the  counters  must  be  cleared 
(reset  to  zero)  prior  to  the  initiation  of  the 
counting  period. 

18-21.  The  reset  section  consists  of  a 
mechanical  or  electronic  relay,  e.g.,  a  thyratron 
tube  and  associated  circuitry  to  feed  reset 
pulses  to  all  o  the  counting  units.  By  shaping 
and  amplifying  the  input  pulse  from  the  gate 
section,  this  relay  develops  triggers  of  sufficient 
power  to  drive  all  the  counting  units  back  to 
their  zero  setting.  Each  time  a  read  pulse  is 
injected  into  the  gate  section,  the  reset  section 
is  actuated.  Therefore,  if  the  read  is  automatic, 
so  also  is  the  reset. 

18-22.  Display  section.  This  section 
generally  contains  five  or  more  counting  units 
connected  in  cascade.  These  units  total  and 
display  the  number  of  pulses  fed  from  the  gate 
section  during  the  counting  period. 

18-23.  A  counting  unit  recycles  on  every 
tenth  pulse.  More  specifically,  the  unit  registers 
nine  pulses  and  resets  itself  to  zero  on  the  tenth 
pulse.  When  it  resets,  it  sends  a  pulse  (called  a 
carry)  to  the  next  counting  unit.  Since  all  the 
units  operate  in  an  indentical  manner,  each 
subsequent  unit  registers  a  count  which  is 
greater  by  a  factor  of  10.  Thus,  the  first  unit 
registers  ones;  the  second,  tens;  the  third, 
hundreds;  the  fourth,  thousands;  the  fifth,  ten 
thousands;  and  so  on.  Five  counting  units  will 
register  a  maximum  of  99,999. 

18-24.  The  display  is  generally  an  in-line 
readout  of  the  frequency  count  (see  fig.  103). 
This  type  readout  can  be  obtained  in  several 
ways.  The  Nixie  indicator,  patented  by  the 
Burroughs  Corporation,  is  a  popular  device 
used  to  provide  in-line  readout.  It  is  a  gas-filled 
tube  that  has  one  anode  and  10  stacked  cold 
cathodes  that  are  shaped  like  numerals  from  0 
to  9.  Each  cathode  has  a  separate  input 
terminal.  When  a  voltage  is  applied  between  the 
anode  and  any  one  of  the  cathodes,  an 
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Figure  103.  In-line  readout. 

ionization  glow  appears  around  the  energized 
cathode.  Thus,  the  cathode's  numeral  shape  is 
illuminated  to  provide  a  visu^  readout. 

18-25.  The  display  illustrated  in  figure  103 
consists  of  six  Nixie  indicators.  The  count 
displayed  shows  the  frequency  of  the  signal 
under  test  to  be  79,502  Hz,  if  the  counting  time 
is  1  second.  If,  however,  the  counting  time  is  10 
seconds,  the  signal  frequency  is  7,950.2  Hz. 

18-26.  Measurements.  As  you  have 
observed,  most  frequency  counters  are  designed 
to  measure  a  wide  ^ range  of  frequencies. 
Therefore,  let's  see  how  greater  accuracy  can  be 
attained  by  using  the  counter  wisely. 

18-27.  Let  us  assume,  for  example,  that  a 
counter  has  a  display  of  five  digits,  as 
illustrated  in  figure  104.  We  will  driso  assume 
that  when  the  time  interval  selector  switch  is  set 
at  0.1  sec,  a  reading  of  08573  is  obtainable 
(see  fig.  104,A).  If  we  know  the  frequency  is 
below  100  kHz,  then  this  reading  means  that 
the  signal  frequency  is  85,730  ±  10  Hz,  since 
the  least  significant  digit  (3)  may  be  nearly  a 
full  count  off  either  way.  By  moving  the 
selector  switch  to  1  sec,  a  more  accurate 
reading  of  85,737  ±  1  Hz  is  obtained  (see  fig. 
104,B).  If  the  counter  has  a  10-sec  selector 
switch  position,  a  still  more  accurate  reading 
can  be  obtained,  but  you  must  realize  that  the 
most  significant  digit  (8  in  this  case)  will  not  be 
displayed.  The  readout  (see  fig.  104,C)  of 
57374  will,  therefore,  mean  the  frequency  is 
85,737.4  ±  0.1  Hz;  the  digit  8  is  known  from 
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Figure  104.  Reading  sequence. 


the  previous  reading.  By  taking  successive 
readings  in  this  manner,  you  can  iftiprove  the 
accuracy  of  measurement  aopreciablv. 

18-28.  Ordinarily,  10  sec  is  the  longest  time 
interval  (gate)  available.  This  limits  the 
accuracy  obtainable  for  low-frequency 
measurements  since  relatively  few  pulses  are 
counted  during  the  time  interval.  Suppose  the 
unknown  signal  frequency  is  between  10  Hz 
and  100  Hz.  If  the  longest  time  interval  used  is 
10  sec,  the  reading  will  be  off  from  0.1  to  1 
percent.  If  the  signal  frequency  is  between  1  Hz 
and  10  Hz,  tne  accuracy  is  from  1  percent  to  10 
percent  off  So  you  see  the  lower  the  frequency, 
the  lower  the  accuracy. 

18-29.  To  attain  an  accurate  measurement  of 
a  low-frequency  signal,  provision  can  be  made 
for  the  counter  to  measure  the  period  of  the 
unknown  signal.  This  method  is  quite  simple 
and  easily  accompiished.  The  inputs  to  the  gate 
section  from  the  input  section  and  time-base 
section  arc  interchanged  by  a  switch  (see  fig. 
105).  This  makes  the  unknown  signal  establish 
the  gate  time  for  counting  the  frequency  of  the 
time-base  signal.  By  using  a  high-frequency 
time-base  signal,  the  counting  units  will  register 
a  large  number  of  pulses  during  one  period  of 
the   unknown   signal.    The   period   of  the 
unknown  signal.  The  period  of  the  unknown 
signal  can  be  determined,  since  each  pulse 
counted  represents  a  known  amount  of  time. 
For  example,  let  us  assume  a  readout  of 
100,000  when  the  time-base  selector  is  set  on 
lO/xsec  (lOO-kHz  time  base  signal).  From  this 
reading,  we  know  that  100,000  pulses  were 
counted.  Since  each  pulse  represents  10  /xsec, 
the  time  interval  is  100,000  x  10  ^sec  « 
1,000,000  ±  10  Msec.  This  time  is  the  period 
of  the  unknown  signal;  thus,  1  ±  0.00001  Hz  is 
the  unknown  signal  frequency.  The  accuracy  of 
this  measurement  is  1  part  in  100,000.  or  0.001 
percent.  By  comparison,  if  the  unknown  signal 
frequency  is  counted  during  the  longer  time- 
base  period  of  10  millisec,  a  readout  of  00100 
is  obtained  and  the  accuracy  is  1  part  in  100,  or 
1  percent.  So  we  note  a  marked  difference 
Even  greater  accuracy  can  be  achieved  with  the 
period   measurement   method    in   the  low- 
frequency  range  if  a  1 -megahertz  output  is 
avilable  from  the  time-base  section.  A  1-MHz 
signal  will  provide  l-/xsec  counts  and,  tor  the 
case  cited,  an  accuracy  of  0.00001  percent. 

18-30.  The  ratio  of  two  frequencies  can  be 
determined  with  a  counter  by  letting  the  lower 
frequency  establish  the  time  interval  (gate)  and 
feeding  the  higher  frequency  into  the  input 
section.  The  higher  frequency  is  counted  during 
one  peroid  of  the  lower  frequency.  This  couni 
is  actually  the  ratio  of  the  higher  to  the  lower 
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Figure  105.  Period 

frequency.  For  example,  if  a  40-Hz  signal  is 
used  to  establish  the  time  gate  and  a  20*kHz 
signal  is  counted,  500  hertz  of  the  20  kHz  will 
be  counted  and  displayed.  This  readout,  500,  is 
the  ratio  20  kHz/40  Hz. 

18-31.  Some  counters  are  designed  so  that 
the  time  gate  can  be  started  by  one  signal  and 
stopped  by  another.  This  capability  is  valuable 
for  certain  types  .of  measurements.  Such 
counters  are  called  time-interval  meters,. 

18-  32.  As  mentioned  earlier,  counters  are 
made  to  be  very  versatile.  The  usefulness  of  this 
instrument  depends  on  your  knowledge  of  the 
counter*s  capabilities  and  an  understanding  of 
the  matters  which  we  have  just  discussed. 

19.  Signal  Generators 

19-  1.  Since  signal  gcnerajprs  comprise  a 
large  and  diverse  group  of  test  equipment,  we 
will  highlight  their  important  features  and 
describe  them  in  a  general  manner.  A  signal 
generator  usually  consists  of  three  major 
sections:  (I)  a  variable-frequency  oscillator 
with  a  meter  which  indicates  its  output  level,  ' 
(2)  a  modulating  circuit,  and.  (3)  an  output 
attenuator.  The  circuits  are  usually  shielded  to 
prevent  the  oscillator  from  radiating  its  signal 
to  the  equipment  under  test.  When  the  switch  is 
in  the  CW  position,  the  output  of  the  oscillator 
is  a  continuous  modulated  wave. 

19-2.  The  Oscillator.  In  most  signal 
generators,  the  oscillator  is  variable  over  a 
specific  frequency  range.  When  the  equipment 
is  designed  for  a  special  purpose,  however,  the 
oscillator  may  generate  one  or  more  specific 
frequencies. 

19-3.  The  oscillator  is  made  as  stable  as 
possible.  As  you  know,  stability  is  difficult  to 
achieve  when  a  VFO  is  employed.  For  this 
reason,  some  signal  generators  have  a  crystal 
oscillatol'  which  provides  a  standard  reference 


counter  arrangemiim. 

frequency  for  tne  VFO.  The  VFO  can  be 
compared  with  the  standard  prior  to  using  the 
test  equipment,  and  any  deviations  in  frequency 
can  be  corrected. 

.  19-4.  An  LC-type  oscillator  is  generally  used 
to  generate  frequencies  below  300  MHz.  A 
Hartley  or  modified  Hartley  oscillator  circuit  is 
very  popular.  Above  300  MHz,  a  klystrom-type 
oscillator  is  commonly  used  because  it 
provides  a  highly  stable  UHF  output.  Band 
switches  are  used  to  place  different  components 
of  various  values  into  the  oscillator  circuit  so 
that  the  oscillator  can  operate  over  a  wide 
range  of  frequencies. 

19  5.  The  iVlodulator.  Most  signal 
generators  have  circuits  to  modulate  their 
output.  AM  or  FM  may  be  used,  depending 
upon  the  purpose  for  which  the  test  equipment- 
is  designed.  Three  types  of  AM  are  employed: 
sinusoidal,  square  wave,  and  pulse.  The 
sinusoidal  type  of  modulation  is  most  often 
used  with  the  LC  oscillators.  Reflex  klystron 
oscillators  are  modulated  with  a  square  wave  to 
minimize  incidental  frequency  modulation. 
Pulse  modulation  is  frequently  found  in  signal 
generators  that  produce  simulated  signals  for 
various  types  of  electronic  equipment.  When 
FM  is  used,  the  modulator  varies  the  output 
frequency  with  a  sine  wave  or  with  a  linear 
sweep  signal. 

19  6.  Output  .\ttenuator.  The  output 
attenuator  is  an  important  and  useful  part  of  a 
signal  generator.  When  a  signal  generator  does 
not  have  a  calibrated  attenuator,  the  strength  of 
the  output  signal  is  not  known  and  the 
usefulness  of  the  test  equipment  is  limited. 

19-7.  The  two  types  of  attenuators  commonly 
used  are  the  resistor  and  the  waveguide.  Both 
are  suitable  for  frequencies  below  200  MHz, 
but  the  waveguide  type  is  used  almost 
exclusively  above  200  MHz.  The  attenuator 
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may  be  calibrated  in  one  continuous  range,  bin 
it  is  not  uncommon  for  it  to  be  calibrated 
several  steps.  To  prevent  stray  rauiation  from 
affecting  the  calibrated  output,  the  attenuator 
should  be  well  shielded.  The  accuracy  of  the 
attenuator  depends  upon  the  requirements.  A 
high  degree  of  accuracy  is  obtainable  with  a 
waveguide  because  its  attenuation  is  determined 
by  its  physical  dimensions. 

20,  Calibralion  and  Repair  of 
Test  Equipment 

20-1.  The  accuracy  and  performance  of  test 
equipment  in  your  shop  can  mean  the 
difference  between  a  system  that  is  functioning 
properly  and  one  that  is  just  getting  by  and  not 
fulfilling  its  mission  responsibility.  As  a 
repairman,  you  will  be  responsible  for  the 
equipment  assigned  to  your  shop.  Operating 
instructions  are  sometimes  found  on  the  front 
cover  of  the  test  equipment;  however,  explicit 
instructions  are  contained  in  the  -  I  series  of 
applicable  technical  orders  (TOs).  To  insure 
that  the  system  is  operating  at  its  maximum 
capability,  it  is  mandatory  that  you  be 
thoroughly  familiar  with  the  operation  of  the 
test  equipment  necessary  to  maintain  the  system 
at  its  peak  performance. 

20-2.  There  is  a  —  I  technical  order  for  each 
piece  of  test  equipment  you  have  in  the  shop. 
To  obtain  the  necessary  TOs,  check  TO 
O-  I  -  33  (test  equipment  index)  for  a  listing  of 
publications  applicable  to  the  test  equipment  in 
your  inventory.  The  missing  TOs  should  be 
ordered  through  the  channels  established  by 
your  organization. 

20-3.  Categories  of  Test  Equipment.  For 
maintenance  purposes,  tesl  equipment  is 
divided  into  four  categories.  These  are: 

( 1 )  Category  I.  Operational  equipment 
installed  in  systems,  subsystems,  or  equipment 
whose  performance  parameters  are  to  be 
measured,  verified,  or  tested.  . 

(2)  Category  11.  Peculiar  precision 
measurement  equipment  used  to  check  out, 
maintain,  and  calibrate  Category  I  equipment. 
(•'Peculiar*'  is  applied  to  precision  measurement 
equipment  designed  for  and  used  with  only  one 
system,  subsystem,  or  equipment,  as  contrasted 
with  "common"  items,  which  have  general- 
purpose  cross-system  application). 

(3)  Category  III.  Common  commerical  and 
military  precision  measurement  equipment  used 
for  maintenance,  troubleshooting,  testing, 
verification,  and  calibration  of  Category  I  and 
11  equipment. 

(4)  Category  IV.  Standards  and  accessories 
used  to  calibrate  Category  II  and  IM 
equipment.  This  equipment  normally  is  located 


in  and  used  by  the  base  Precision  Mea.suremeni 
Hquipmeni  Laboratory.  * 

i20.4.  Responsibililies  for  Test  Equipnunl, 
There  are  two  organizations  that  have  the 
priraary  responsibilities  for  maintaining  all 
equipment  in  Categories  1  and  11.  These  are  (1) 
the  using  organization  of  which  >ou  are  a  part 
and  (2)  the  bas.s  Precision  Measurement 
Equipment  Laboratory  (PMEL).  Ai  part  of  the 
using  organization,  you  have  the  rcsponsibiltiy 
for  the  calibration  of  all  Category  I  and  II 
equipment,  with  the  following  exceptions: 

•  Base  PMEL  calibrates  all  general -purpose 
and  commercial  Category  11  test  equipment  that 
can  be  moved  to  the  PMEL.  This  does  not 
include  test  equipment  that  must  be  calibrated 
while  it  is  in  your  bench  equipment. 

•  Maintenance  of  test  equipment  that 
requires  special  skills  or  special  equipment 
(whether  it  be  Category  I  or  11)  that  is  available 
only  at  the  PMEL  is  the  responsiblity  ot  the 
base  PMEL. 

20-5.  If  you  are  in  doubt  as  to  whose  area  of 
responsibility  a  particular  piece  of  test 
equipment  falls  into,  go  to  your  technical  order 
file  and  look  it  up  in  TO  33K-1-100, 
ResponsibiUtics  and  Calibration  Measurement 
Areas  This  TO  lists  all  test  equipment  in  the 
Air  Force  inventory,  tells  who  is  responsible 
for  its  calibration,  lists  any  applicable  TO 
containing  the  procedures  for  calibration,  and 
lists  the  maximum  number  of  days  between 
required  calibrations. 

20-6.  Calibration  of  Test  Equipment.  The 
PME»  should  automatically  reschedule  your 
test  equipment  and  call  for  it  when  calibration 
is  required.  If  you  should  determine  that 
calibration  is  required  sooner  ^han  the 
scheduled  date,  then  you  must  contact  PMEL 
and  have  them  reschedule  that  particular  test 
set  When  possible,  regular  calibration 
requirements  must  be  reported  by  you  to  the 
PMEL  to  insure  prompt  compliance. 

20-7.  Test  equipment  that  is  an  integral  part 
of  your  equipment  and  cannot  be  removed,  bur 
which  requires  special  skills  and  equipment  for 
calibration,  may  be  calibrated  by  the  using 
organization  with  the  assistance  of  PMEL 
personnel. 

20-8.  You  are  a  part  of  the  lowest  echelon  in 
the  test  equipment  calibration  ladder.  Each 
higher  step  in  the  ladder  has  standards 
available  to  be  used  in  the  calibration  ot  test 
equipment.  The  standards  of  each  next  higher 
echelon  can  then  be  used  to  check  the  standards 
of  the  lower  echelons.  At  the  top  of  this  adder 
is  the  National  Bureau  of  Standards  tor 
Electrical  and  Electronics  Equipment,  Boulder, 
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Colorado,  and  the  National  Bureau  of  SUndards 
for  Electromechanic9J  and  Dimensional  Equiment, 
Washington,  DC. 

20-9.  You  may  have  standards  in  your  shop; 
if  so.  these  standards  are  called  shop  standards, 
A  shop  standard  is  defined  as  a  precision 
measurement  equipment  known  to  have  been 
officially  calibrated  and  certified  for  use  as  a 
comparison  in  checking  other  items  in  the 
maintenance  shop.  These  standards  are  not 
used  for  routine  maintenance  functions  unless 


an  emergency  exists  or  all  like  items  are 
inoperative. 

20-10.  It  is  extremely  important  that  you  be 
thoroughly  familiar  with  your  test  equipment. 
Knowing  how  to  use  it  effectively  and  care  for 
it  properly  cannot  be  overemphasized.  Properly, 
used,  it  will  provide  you  with  years  of 
dependable  service.  Know  its  capabilities,  and 
it  will  aid  you  immeasurably  in  the 
performance  of  your  equipment  maintenance. 

20-1 1.  At  this  time  work  the  chapter  review 
exercise  for  Chapter  S  in  your  workbook. 


lis 


CHAPTER  S 


Electron  Tuba  snd  Semiconductor  Testing 


TO  BE  OF  practical  use  in  the  field,  a  tester 
must  provide  a  simple  means  lo  appraise  the 
condition  of  an  electron  tube  or 
semiconductor.  A  field-type  tester  is  designed 
to  simply  indicate  how  the  tube  or  device  under 
test  compares  with  the  manufacturer's 
standards.  These  standards  are  predetermined 
parameters  and  ratings  that  have  been  obtained 
by  exacting  laboratory  methods.  Although  the 
field-type  tester  does  not  tell  you  that  a  tube  or 
device  necessarily  functions  as  it  should  in  a 
particular  circuit,  it  does  provide  a  quick  way 
of  finding  a  substandard  tube  or 
semiconductor.  In  this  chapter,  we  discuss  the 
circuits  used  in  testers  and  the  indications  of 
various  tests.  So  that  you  can  better  evaluate  the 
readings  obtained  from  field-type  testers,  we 
also  point  out  some  limitations  of  these 
instruments. 

21.  Electron  Tube  Testing 

21-1.  There  are  two  different  types  of  tube 
testers  commonly  used  in  the  field.  These 
testers,  which  are  distinguished  by  the  main 
tube  characteristic  they  check,  are  known  as  the 
emission  tester  and  the  transconductance  tester. 
Field-type  tube  testers  may  also  be  capable  of 
performing  short  circuit,  noise,  gas,  kathode 
leakage,  and  filament  activity  tests. 

21-2.  Emmission  Testers.  The  emission- 
type  tube  tester  indicates  the  condition  of  the 
cathode  emitting  surface.  Usually,  the  end  of 
the  useful  life  of  a  tube  is  preceded  by  a 
reduction  in  emissivity;  that  is,  the  cathode 
becomes  unable  to  supply  the  number  of 
electrons  necessary  for  proper  tube  operation. 
Also,  if  the  tube  has  an  open  element,  the  defect 
prevents  proper  emission,  and  the  tester 
indicates  it  as  a  weak  or  bad  tube. 

21-3.  The  emission-type  tester  has  several 
disadvantages.  Since  the  manufacturer  of  a  tube 
does  not  state  a  definite  100-percent  emission 
point  which  could  be  used  for  reference,  the 
emission  test  is  not  conclusive.  High  emission 
does  not  necessarily  indicate  a  good  tube, 
because  this  condition  might  be  present  in  a 
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tube  with  a  faulty  grid  structure  or  in  one  which 
has  a  highly  emissive  spot  on  its  cathode;  very 
high  emission  has  also  been  observed  just 
before  a  tube  fails  completely.  Furthermore, 
low  emission  does  not  necessarily  indicate  in 
all  cases  that  a  tube  is  near  its  cnd-of-life  point. 
Another  disadvantage  of  the  emission  test  is 
that  gas  may  be  liberated  within  the  tube  when 
.AC  test  voltages  are  applied,  unless  the  test  is 
made  quickly.  Also,  because  the  tube  is  not 
operated  with  its  recommended  DC  electrode 
voltages  in  this  test,  it  is  not  tested  under  actual 
operating  conditions.  Sometimes  a  tube  will 
show  normal  emission  and  yet  not  operate 
properly.  The  reason  for  this  is  that  the 
efficiency  of  a  grid-controlled  tube  depends  on 
the  ability  of  the  grid  voltage  to  control  the 
plate  currect.  The  emission-type  tester  checks 
only  the  plate  current  developed  and  not  the 
abilitv  of  the  grid  to  control  the  plate  current. 

21-4.  To  check  the  emission  of  a  grid- 
controlled  tube  (triode  or  multigrid  types),  the 
tube  is 'connected  as  a  half-wave  rectifier,  as 
shown  in  figure  106.  The  rated  filan.ent  power 
is  furnished  by  the  tester.  The  plate  and  grids  of 
the  tube  are  connected.  DC  milliammeter  Ml 
and  variable  resistor  Rl  are  connected  in  series 
with  the  tube,  and  the  entire  circuit  is 
connected  in  series  with  the  tube,  and  the  entire 
circuit  is  connected  across  a  secondary  of 
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Figure  106.  Emission  icst  circuit. 
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traiutormcr  Tl.  Since  the  plate  and  grids  are 
Cimnectcd.  the  tube  functions  as  a  diode 
rcctiticr.  conducting  current  only  on  the 
alternate  half  cycles  when  the  plate  and  grids 
are  positive  with  respect  to  the  cathode.  The 
amount  of  current  that  flows  is  an  indication  of 
the  condition  the  cathode  emitting  surface. 
On  emission-type  tube  testers,  the  milliammeter 
scale  is  usually  divided  into  three  areas  which 
are  labeled  f^ood,  weak  and  bad,  or  other 
similar  designations.  Thus,  when  using  an 
emission-type  tube  tester,  you  will  not 
determine  the  actual  current  flow  through  the 
tube,  but  only  the  general  condition  of  the  tube. 

21 'S.  The  emission  test  for  diode  detector 
and  rectifier  tubes  and  the  diode  portion  of 
multisection  tubes  is  similar  to  the  emission  test 
for  grid-controlled  tubes.  The  rated  filament 
power  is  furnished  by  the  tester,  and  an  AC  test 
sig.ial  is  applied  to  the  diode  when  switch  SI  is 
closed.  The  amplitude  of  the  test  signal  may  be 
varied  by  the  tapped  secondary  of  transformer 
Tl.  and  current  through  the  tube  can  also  be 
regulated  by  variable  resistor  Rl.  The  amount 
of  current  /lowing  through  the  test  circuit  is 
measured  by  meter  Ml.  The  value  of  this 
current  depends  on  the  electron  emission 
within  the  tube,  and  therefore,  is  an  indication 
of  the  condition  of  the  tube. 

21-6.  Trunaiconductanct*  Testers.  The 
transconductance  type  of  tester  provides  a  more 
accurate  evaluation  of  the  condition  of  a  grid- 
controlled  tube  than  the  emission-type  tester, 
because  it  measures  the  amplification  ability  of 
the  tube  under  simulated  circuit  conditions. 
The  transconductance  is  measured  and  then 
compared  with  the  ratings  of  the  tub^ 
manufacturer.  The  meter  scale  of  this  type  of 
tube  tester  may  be  calibrated  to  read  the 
transconductance  (Cm)  in  micromhos.  Often 
the  scale  is  divided  into  sections  that  '  *  Jicate 
whether  the  tube  is  ^sood,  weak,  or  t-ad.  A 
voltage  or  power-  amplifier  tube  is  considered 
defective  when  its  transconductance  decreases 
to  70  percent  of  the  value  stated  in  standard 
tube  tables;  the  oscillator  section  of  a  converter 
tub:  is  considered  defective  when  its 
transconductance  decreases  to  60  percent  of 
table  values. 

21-7,  As  you  know.  the  term 
''transconductance*'  (also  called  mutual 
t  npuiucfance)  indicates  the  effect  of  the  control 
grid  voltage  upon  the  plate  circuit  of  a  tube. 
This  characteristic  is  expressed  mathematically 
as  the  ratio  of  a  change  in  plate  current  to  a 
small  change  in  control  grid  voltage,  with  all 
oihc^  electrode  voltages  held  constant.  The 
equ.itu^n  tor  transconductance  is: 


where  Gm  is  the  transconductance  in 
micromhos.  A  Ip  is  the  change  in  plate  current 
in  microamperes,  and  A  Eg  is  the  change  in 
control  grid  voltage.  When  the  control  grid 
voltage  changes  I  volt,  the  current  change  in 
microamperes  is  equil  to  the  transconductance 
in  microhms.  Thus,  if  a  I -volt  change  in  control 
grid  voltage  produces  a  200-microampere 
change  in  plate  ^current,  the  tube  has  a 
transconductance  of  200  micromhos.  The 
transconductance  of  a  tube  may  be  measured  by 
two  methods:  one  is  the  static  (DC)  method  and 
the  other  is  the  dynamic  (AC)  method. 

21-8.  Static  method.  In  the  static  (also 
called  the  grid  shift)  method  of  measuring 
transconductance,  the  DC  bias  voltage  on  the 
control  grid  of  the  tube  under  test  is  changed, 
and  the  resultant  change  in  the  steady  plate 
current  is  measured  with  a  DC  milliammeter. 
The  simplified  circuit  for  this  test  is  shown  in 
figure  107.  Filament  voltage  is  furnished  to  the 
tube  under  test  by  the  tube  tester.  When  switch 
SI  is  set  at  position  1 ,  a  negative  bias  voltage  is 
applied  to  the  control  grid  of  the  tube  and  the 
resultant  plate  current  is  measured  by  meter 
Ml.  Switch  SI  is  then  set  at  position  2;  the 
control  grid  bias  becomes  less  negative  and  the 
plate  current  increases  in  value,  ^'esistor  R3  is 
adjusted  so  that  current  through  the  test  circui' 
produces  a  known  voltage  drop  across  resistor 
R2.  The  transconductance  can  then  be 
determined  by  the  change  of  plate  current 
divided  by  the  voltage  drop  across  resistor  R2. 
To  simplify  testing,  the  meter  scale  can  be 
divided  into  good,  weak,  »nd  bad  sections  in 
the  same  manner  as  on  many  emission-type, 
testers.  When  this  type  of  circuit  is  used  to  test 
various  types  of  tubes,  .he  voltages  applied  to 
the  electrodes  must  be  made  adjustable  so  that 
the  correct  operating  conditions  for  a 
particular  tube  may  by  obtained. 

21-9.  Dynamic'  method.  The  dynamic 
method  of  determining  transconductance 
makes  use  of  a  circuit  which  applies  an  AC  test 
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Figure  107.  Transconductance  sialic  tesi  circuit. 
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Figure  108.  Transconduccance  dynamic  test  circuit. 

signal  and  a  DC  bias  voltage  to  the  control  grid 
of  the  tube  under  test.  A  simplified  circuit  for 
this  test  is  shown  in  figure  108.  The  tube  under 
test  serves  as  the  load  for  rectifier  VI.  With  a 
fixed  value  of  bias  voltage  (Eg)  applied  to  the 
control  grid  of  the  tube  under  test^  the  circuit 
operates  as  a  simple  fulUwave  rectifier.  On  the 
half  cycle  of  the  AC  voltage,  when  plate  1  of 
rectifier  VI  is  positive,  there  is  current  flow 
through  resistor  RI,  and  the  force  exerted  on 
the  pointer  of  meter  Ml  attempts  to  deflect  the 
pointer  in  one  direction.  When  plate  2  of 
rectifier  VI  becomes  positive,  current  flows 
through  resistor  R2,  and  the  force  exerted  on 
the  pointer  of  meter  M 1  is  equal  and  opposite 
to  the  previous  foice.  Since  these  alternations 
occur  at  a  relatively  rapid  rate  (60  times  a 
second),  the  resultant  force  exerted  on  the 
meter  pointer  is  zero;  consequently,  the  meter 
pointer  remains  stationary  in  the  ZERO 
position  if  there  is  a  fixed  DC  bias. 

21-10.  In  addition  to  the  fixed  DC  bias 
voltage,  an  AC  voltage  from  the  secondary  of 
transformer  TI  is  applied  to  the  control  grid  of 
the  tube  under  test.  When  this  AC  voltagp 
becomes  negative  at  the  same  time  that  plate  I 
of  V]  is  positive,  the  plate  current  of  the  tube 
under  test  decreases  for  this  half  cycle.  This 
current  flows  through  resistor  Rl»  decreasing 
the  deflecting  force  on  the  meter  pointer  in  one 
direction.  When  the  AC  voltage  applied  to  the 
control  grid  becomes  positive,  this  voltage 
increases  the  plate  current  of  the  tube  under 
test.  During  this  half  cycle,  plate  1  of  VI  is 
positive  and  the  current  through  R2  increases. 
As  a  result,  the  deflecting  force  on  the  meter 
pointer  during  this  half  cycle  exceeds  the  force 
exerted  during  the  previous  half  cycle.  H^nce, 
the  meter  deflection  is  undirectional  and  is 
proportional  to  the  difference  of  the  currents  in 
Rl  and  R2  resulting  from  the  application  of  the 


AC  voltage  to  the  grid  of  the  tube  under  t^st 
Therfore,  the  meter  indicates  the  change  in 
plate  current  produced  by  a  change  in  grid 
voltage  under  dynamic  conditions.  The  meter 
can  be  calibrated  in  micromhos,  or  the  meter 
scale  can  be  divided  into  sections  to  indicate 
good,  weak,  or  bad.  Any  pronounced  deviation 
from  the  rated,  or  normal,  transconductance 
for  a  specific  tube  indicates  a  def^rtiv*-  tube. 

21-11.  Additional  Ti^st  Circuits.  Besides 
testing  emission  or  transconductance,  there  are 
several  other  useful  tests  that  can  be  made. 

21-12.  Short-circuit  and  noise  test.  It  is  very 
important  that  you  apply  the  test  for  short- 
circuited  elements  to  a  tube  of  doubtful  quality 
before  any  other  tests  are  made.  This  procedure 
protects  the  meter  (or  any  other  indicator)  from 
damage.  Also»  it  follows  logically  that  if  a  tube 
under  test  has  elements  which  are  short- 
circuited,  there  is  no  further  need  to  apply 
additional  tests  to  that  tube.  Short-circuit  tests 
usually  indicate  leakage  resistance  less  than 
about  1/4  megohm.  The  proper  heater  voltage 
is  applied  so  that  any  tube  elements  which 
might  short  as  a  result  of  the  heating  process 
will  be  detected.  The  short-circuit  test  is  similar 
to  the  test  used  to  detect  noisy  (microphonic) 
or  loose  elements.  Since  the  only  difference 
between  the  two  tests  is  in  the  sensitivity  of  the 
device  used  as  an  indicator,  the  noise  test  will 
be  discussed  as  part  of  the  short-circuit  test. 

21-13.  Figure  109  shows  a  basic  circuit  used 
for  detecting  shorted  elements  within  a  tube. 
With  the  plate  circuit  switch  set  at  position  2,  as 
shown*  the  plate  of  tne  tube  under  test  is 
connected  to  the  leg  of  the  transformer 
secondary  containing  the  neon  lamp.  All  other 
elements  are  connected  through  switches  to  the 
other  leg  of  the  secondary.  If  the  plate  element 
is  shorted  to  any  other  element  of  the  tube,  the 
transformer  secondary  circuit  is  completed;  as  a 
result,  both  plates  of  the  neon  lamp  glow  since 
AC  is  applied  to  the  lamp.  If  no  short  exists,  no 
indication  will  be  present  (or  only  one  plate  of 
the  neon  lamp  will  glow  because  of  rectification 
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Figure  109  Short  circuit  and  tioise  test  circuit. 
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l>\  the  tui^c).  Lach  o\  the  other  clement^  is 
icMcd  H\  itjcans  ol  ihc  switching  arrangement 
shtuvn.  kcsisn)r  K2  limits  the  current  through 
ihc  nct>n  lamp  lo  a  sate  value.  Resistor  Rl 
bvpaNscs  any  small  alternating  currents  in  the 
eircuii  which  might  be  caused  by  stray 
capacitance  and  thus  prevents  the  neon  lamp 
(roiu  indicating  erroneously,  Tapping  the  tube 
lightiv  IS  recommended  to  detect  loose 
elements  which  might  touch  when  the  tube  is 
vibrated. 

21-14  The  noise  test  is.  in  et't'ect.  nothing 
nuuc  than  a  very  sensitive  short-circuit  test.  In 
figure  109.  two  leads  arc  taken  from  the  neon 
lamp  (one  lead  from  each  side)  and  brought  to 
external  receptacles  which  are  labeled  noiae 
rr\t.  An  external  amplifier  and  a  speaker  (not 
included  with  the  equipment)  are  connected  to 
these  receptacles.  Perhaps  the  handiest 
amplifier  for  this  test  is  an  ordinary  radio 
receiver.  The  antenna  and  ground  terminals  of 
the  receiver  are  connected  to  the  noise-test 
jacks,  and  a  normal  short-circuit  test  is  made 
while  you  arc  lapping  the  tube.  If  lube  elements 
are  U^onc  (but  perhaps  not  loose  enough  to 
indicate  on  the  neon  lamp),  loud  crashes  of 
noise  (or  static)  will  be  heard  from  the  receiver 
t)ver  and  above  the  amount  of  noise  that  is 
normally  present.  The  noise  test  may  also  be 
made  without  the  use  of  the  high-gain  amplifier, 
merely  by  inserting  the  leads  from  a  pair  of 
headphones  into  the  noise-test  receptacles.  The 
latter  check,  of  course,  is  not  as  sensitive  as  the 
test  made  with  the  amplifier  but  is  generally 
mt»re  sensitive  than  the  short-circuit  test  made 
with  the  neon  lamp  as  an  indicator. 

21-15  (>u\  tv\t.  In  all  vacuum-type  electron 
tubes,  the  presence  of  gas  is  undesirable.  When 
gas  is  present,  the  electrons  emitted  by  the 
catht)de  collide  with  the  molecules  of  gas. 
rhese  collisions  cause  electrons  to  be  dislodged 
trtmi  the  gas  molecules,  and  positive  gas  ions 
are  formed.  These  ions  are  aliracied  by  (and 
clusicr  around)  the  negatively  biased  control 
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Figure  MO.  Gas  test  circuit. 


grid  of  the  tube.  If  the  amount  of  gas  in  the  lube 
is  appreciable,  the  resulting  tlow  of  grid  current 
is  noticeably  high.  The  basic  circuit  used  for  the 
gas  test  is  shown  in  figure  I  10.  With  switch  S 
set  to  position  I.  a  certain  value  of  plate 
current  is  measured  by  the  DC  milliammeter.  If 
there  is  no  gas  (or  a  negligible  amount)  present 
in  the  tube,  throwing  switch  S  to  position  2 
does  not  change  the  plate  current  reading.  If 
gas  is  present,  current  flows  through  the  grid 
resistor  (large  value),  causing  a  voltage  drop 
with  the  polarity  as  shown.  The  net  effect  is  to 
reduce  the  negative  bias  voltage  on  the  grid  of 
the  tube,  resulting  in  an  increase  of  plate 
current.  Small  plate  current  increases  are 
normal;  large  increases  indicate  excessive  gas. 

21-16.  Cathode  leakage  test.  When  a  tube 
which  uses  an  indirectly  heated  cathode 
develops  noise,  it  is  likely  that  a  leakage  path  is 
present  between  the  cathode  sleeve  and  the 
healer  wire.  This  is  true  because  in  the  design  of 
a  tube  the  heater  niusi  be  placed  as  close  as 
possible  to  the  cathode  so  that  maximum  tube 
efficiency  is  attained.  Continual  heating  and 
cooling  of  the  tube  structure  may  cause  small 
amounts  of  the  insulation  between  the  cathode 
and  heater  to  become  brittle  or  to  deteriorate, 
leaving  a  high-resistance  leakage  path  between 
these  elements.  Under  extreme  conditions,  the 
insulation  may  shift  enough  to  allow  actual 
contact  of  the  elements.  Since  the  heater  and 
cathode  are  seldom  at  the  same  potential,  any 
form  of  leakage  causes  noise  to  develop  in  the 
tube.  The  cathode  is  normally  maintained  at  a 
higher  positive  potential,  because  cathode  bias 
is  the  most  common  type  of  bias  used.  The 
heater  circuit  is  usually  grounded  to  the  chassis, 
either  on  one  side  of  the  filament  supply  or  by  a 
center  tap  arrangement.  Therefore,  if  a 
resistance  path  is  present,  a  leakage  current 
may  flow  from  the  heater  to  the  cathode.  Thus, 
the  cathode  receives  electrons.  Assuming  the 
existence  of  high-resistance  leakage,  the  current 
flow  from  the  heater  to  the  cathode  will  vary 
with  any.  vibration  of  the  tube,  because 
vibration  will  vary  the  amount  of  resistance.  If 
the  cathode  and  heater  are  completely  shorted 
(zero  ohms),  it  is  impossible  for  the  tube  to 
develop  any  cathode  bias. 

21-17.  Figure  I  n  shows  a  basic  circuit 
which  is  used  to  detect  leakage  between  the 
heater  and  cathode  elements  of  a  tube.  With 
switch  S  set  to  position  2,  a  certain  value  of 
plate  current  flows.  When  switch  S  is  thrown  to 
position  I,  the  cathode  becomes  a  floating 
element;  if  no  leakage  path  is  present,  the  plate 
current  should  fall  to  zero.  If  the  elements  are 
completely  shorted,  the  plate  cirrent  reading 
remains  the  same  as  the  initial  reading  (switch  S 
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Figure  til.  Cathode  leakajie  test  circuit. 

in  position  2);  if  ihey  are  only  partially  shorted, 
a  plate  current  less  than  normal  but  greater 
than  zero  is  indicated. 

21-18.  Filament  activity  test.  The  filament 
activity  test  is  used  to  determine  the 
approximate  remaining  life  of  an  electron  tube 
insofar  as  the  longevity  of  the  cathode  emitter  is 
concerned.  The  te$t  is  based  on  the  principle 
that  the  cathode  in  almost  all  electron  tubes  is 
so  constructed  that  a  decrease  of  10  percent  of 
the  rated  filament  or  heater  voltage  causes  no 
appreciable  decrease  in  emission. 

21-19.  On  tube  testing  equipment 
incorporating  this  test,  there  is  a  two-position 
switch  (filament  activity  test),  which  has  one 
position  marked  NORMAL  and  the  other 
marked  TEST.  The  switch  remains  in  the 
NORMAL*  position  for  all  the  tests  other  than 
the  filament  activity  test.  When  the  switch  is  set 
to  the  TEST  position,  the  filament  (or  heater) 
voltage  applied  to  the  tube  under  test  is  reduced 
by  10  percent. 

21-20.  The  filament  activity  test  is 
performed  as  follows:  After  the  quality  test  is 
made,  the  TUBE  TEST  button  is  held 
depressed,  and  the  FILAMENT  ACTIVITY 
TEST  switch  is  set  to  the  TEST  position.  If  the 
indicator  shows  a  decreased  reading  after  a 
reasonable  time  is  allowed  for  the  cathode  to 
cool,  the  useful  life  of  the  tube  is  nearing  its 
end. 

21-  21.  A  PRECAUTION:  Before  the  tube  to 
be  tested  is  inserted  in  the  correct  test  socket, 
be  certain  all  front  panel  controls  are  set  to  the 
positions  listed  for  that  type  of  tube  in  the  data 
chart  furnished  with  the  tester.  This  precaution 
is  necessary  to  prevent  excessive  voltages  from 
being  applied  to  the  tube  elements  (especially 
the  filament). 

22.   Semiconductor  Testing 

22-  1.  Since  semiconductor  devices  are 
extensively  used  in  electronic  equipments,  it  is 
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important  to  know  how  these  devices  can  be 
tested.  We  will  cover  the  checks  thai  indicate 
the  condition  and  quality  of  crystal  diodes  and 
transistors  in  this  section.  Circuits  with  which 
these  checks  can  be  made  are  also  presented  to 
further  your  understanding  of  semiconductor 
testing. 

22-2.  Diode  Testers,  General-purpose 
germanium  and  silicon  diodes  can  be  checked 
with  a  static-type  tester  or  a  dynamic-type 
tester.  Zener  diodes  are  tested  to  determine 
how  well  and  at  what  voltage  they  regulate. 

22-3.  Static  diode  tester.  A  common  type  of 
crystal  diode  tester  is  a  combination  ohmmeter- 
ammeter.  Measurements  of  forward  resistance, 
reverse  resistance,  and  reverse  current  may  be 
made  with  this  instrument.  The  condition  of  the 
crystal  rectifier  under  test  can  then  be 
determined  by  comparison  with  typical  values 
obtained  from  test  information  furnished  with 
the  tester  or  from  the  manufacturer's  data 
sheets.  The  simplified  circuit  of  a  crystal  diode 
tester  is  shown  in  figure  112.  A  check  which 
provides  a  rough  indication  of  the  rectifying 
property  of  a  diode  is  the  ratio  of  the  diode's 
reverse  and  forward  resistance  at  a  specified 
voltage. 

22-4.  Dynamic  diode  tester.  To  effectively 
test  crystal  diodes  used  for  some  special 
applications,  it  is  necessary  to  obtain  reverse 
resistance  measurements  for  a  large  number  of 
different  voltage  levels.  This  can  be  done 
efficiently  by  using  a  dynamic  diode  tester  in 
conjunction  with  a  cathode-ray  oscilloscope  to 
display  the  diode  reverse-current-versus- 
voltage  curve. 

22-5.  A  simplified  circuit  of  a  diode  dynamic 
tester  is  shown  in  figure  113.  The  test  voltage 
from  the  input  transformer  is  applied  across 
resistor  R4  and  the  parallel  combination  of 
resistor  RS  and  rectifier  CRl.  Crystal  diode 
CRl  rectifies  the  voltage  developed  across 
resistor  RS,   and   the   resultant  half-wave 


Figure  112.  Semiconductor  diode  reverse-to-forward 
resistance  test  circuit. 
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higure  1 1 3.  Semiconduci 

rectiticd  voltage  is  applied  to  the  Horizontal 
input  of  an  external  oscilloscope.  The  amount 
of  horizontal  sweep  of  the  associated 
oscilloscope  IS,  therefore,  proportional  to  the 
input  voltage  which  is  applied  to  the  diode 
under  test  and  the  reference  resistor. 

22-6.  The  input  test  voltage  is  applied 
through  resistor  R3  to  the  moving  arm  of 
selector  switch  S3.  With  switch  S3  in  the  REF 
position,  a  test  current  Hows  through  internal 
reference  resistor  R7  and  current  measuring 
resistor  R6.  The  internal  reference  resistor  can 
be  adjusted  to  equal  the  value  of  the  minimum 
acceptable  reverse  resistance  of  the  diode  under 
test.  A  value  of  500K  may  be  typical  for  a  new 
diode,  and  a  value  of  250K  may  be  acceptable 
tor  the  same  type  diode  which  has  been  in  use. 
The  signal  developed  across  resistor  R6  is 
applied  to  the  vertical  input  of  the  external 
oscilloscope.  Thus,  the  voltage  drop  across 
resistor  R6  produces  a  vertical  deflection  of  the 
oscilloscope  trace  which  is  proportional  to  the 
current  through  the  test  circuit.  The  action  of 
crystal  rectifier  CR  3  causes  thi>  signal  to  be 
applied  to  the  oscilloscooe  onlv  during;  the 
same  halU  cycle  that  the  horizontal  sweep 
voltage  is  applied.  As  a  result,  during  each 
active  halt  cycle,  a  diagonal  straight  line  is 
displayed  on  the  oscilloscope,  as  shown  in 
figure  I  1 4, A.  This  pattern  is  the  reference  trace 
to  which  ihc  characteristic  curve  of  the  diode 
under  lest  can  be  compared. 

22. 7.  When  selector  switch  S3  is  turned  to 
^he  DIODE  position,  current  flows  through  ^ 
resistor  R6.  In  this  case,  the  voltage  applied  to  ' 
the  «>sciHoscope  horizontal  input  remains  the 


diode  dynamic  lest  circuit 

same,  but  the  vertical  input  indicates 
instantaneous  values  of  the  reverse  curcent  in 
the  test  diode.  This  results  in  a  curved  line  trace 
on  the  oscilloscSJie.  as  shown  in  fugure  1 14,B. 
This  is  the  dynamic  characteristic  curve  of 
reverse  current  versus  voltage  for  the  diode 
under  test.  When  selector  switch  S3  is  in  the 
DIODE  position  and  AUTO  switch  S2  is 
closed,  the  test  current  is  applied  alternately  to 
the  diode  under  test  and  to  the  reference 
resistor.  This  gives  a  display  of  both  traces 
simultaneously  on  the  oscilloscope.  The 
switching  operation  is  accomplished  by  relay 
Kl.  Voltage  applied  to  this  relay  through 
switch  S2  is  rectified  by  CR2.  Current  flowing 
through  the  relay  is  controlled  by  resistor  R2, 
which  is  adjusted  so  that  the  relay  armature  will 
vibrate  and  produce  a  minimum  amount  of 
joining  of  the.  diode  aod  reference  resistor 
traces.  The  vibration  of  the  relay  is  rapid 
enough  to  create  the  illusion  of  a  simultaneous 
display  of  the  diode  and  reference  resistor  test 
current  patterns  on  the  associated  oscilloscope 
(see  fig.  114.C). 

22-8.  Trace  calibration  is  done  by  closing 
SI.  The  input  signal  is  rectified  and  the 

000 

*  ■  e 

Figure  tl4.  Semiconducior  diode  linearity  lest. 
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Figure  IIS.  Zener  diode  t  versus  E  test  circuits. 


pulsating  direct  current  indtates  the  signal  level 
on  the  DC  microammeter.  Adjustment  of 
resistor  Rl  permits  calibration  of  the  meter  to 
read  the  voltage  developed  across  the 
secondary  winding  of  transformer  T2. 

22*9.  Regulator  diode  tests.  Zener 
(avalanche)  diodes,  which  are  used  for  voltage- 
regulating  applications,  may  be  checked  by  the 
use  of  a  dynamic  tester  in  conjunction  with  an 
oscilloscope.  This  tester  develops  signals  to  • 
display  the  diode  reverse-current*versus- 
voluge  curve  on  the  associated  oscilloscope, 
for  determination  of  the  diode*s  Zener  voltage, 
dynamic  impedance,  and  noise  characteristic. 

22*10.  In  figure  115,  we  show  a  simple 
circuit  that  can  be  used  to  obtain  a  dynamic 
characteristic  curve  of  a  Zener  diode.  The 
AC  input  is  adjusted  until  the  display  shows  the 
breakdown  operation  as  illustrated  on  the 
scope  screen  of  figure  115.  The  ciystal  diode 
blocks  the  negative  alternation  of  the  input, 
thereby  preventing  forward  conduction  of  the 
Zener  diode;  thus,  the  trace  shows  only  reverse 
current  versus  voltage.  Note  that  the  reverse- 
current  signal  is  developed  across  the  1-ohm 
resistor  and  is  applied  to  the  vertical  input 
terminals  of  the  scope;  the  voltage  across  the 
Zener  is  applied  to  the  horizontal  input 
terminals  of  the  scope.  This  makes  the  vertical 
axis  of  the  scope  represent  current,  and  the 
horizontal  axis  represent  voltage.  If  the  axes  are 


calibrated,  the  Zener  breakdown  voltage,  Vz, 
and  dynamic  impedance,  Zz,  can  be 
determined. 

22-11.  When  you  wish  just  to  check  the 
operating  voltage  of  the  Zener  diode,  the 
circuit  shown  in  figure  1 16  can  be  used.  Adjust 
the  variable  resistor  to  obtain  the  value  of 
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Figure  116.  Zener  voltage  test  circuit 
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^opcruting  current  specified  lor  the  Zener  diode 
under  test.  If  the  Zener  diode  is  good,  the 
rc;tdiii>&  on  the  DC  voltmeter  will  conform 
clitscly  to  the  rated  operating  voltage.  For 
example,  a  IS-volt  Zener  diode  under  test 
should  cause  the  voltmeter  to  indicate  near  IS 
volts.  The  acceptable  tolerance,  of  course, 
depends  upon  the  application  and  is  something 
you  must  know. 

22-12.  TrainMslor  Testers^.  We  will  discuss 
transistor  tests  that  are  of  practical  value  to  a 
maintenance  repairman.  The  basic  circuits  are 
illustrated  so  that  you  can  understand  the  test 
for  (I)  collector  leakage  current,  (2)  punch- 
through  voltage,  (3)  direct-current  gain,  and  (4) 
hybrid  parameters. 

22-13.  Collector  leakage  current  test.  As  you 
know,  the  amount  of  collector  leakage  current 
is  normally  a  very  small  value  (about  10 
microanips  or  less).  The  collector  leakage 
current  will  be  appreciable,  however,  when  the 
transistor  is  contaminated,  internally  shorted, 
or  damaized  by  overheating.  A  measurement  of 
collector  leakage  current  can,  therefore, 
indicaif*  the  condition  of  a  transistor. 

22-14.  Figure  117  shows  the  method  of 
determining  collector  leakage  current.  When 
the  tr:insisti>r  is  connected  as  illustrated,  the 
amount  of  collector-to-base  leakage  current. 
Ico.  can  be  read  directiv  on  the  DC 
microammeter.  The  reading  should  check 
closely  with  the  manufacturer's  value  of  Ico  at 
the  specified  '  collector-to-base  voltage,  Vcb. 
This  current  is  also  referred  to  as  collector 
cutofj  current  or  reverse  current. 

22-15  Punch-through  voltage  test.  The 
punch-through  voltage  (Vpt)  is  that  Vcb  at 
which  the  collector-base  barrier  region  has 
widened  sufflciently  to  contact  the  base-emitter 
barrier  region.  This  effectively  eliminates  the 
base  region;  therefore,  transistor  action  is 
stopped  and  collector-to-emitter  resistance  is 
greatly  reduced.  The  punch-through  voltage 
can  be  applied  without  damaging  the  transistor 
if  the  collector  current  is  limited  to  prevent 
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l  igurif  117.  Collector  leakage  current  teist  circuit. 
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Figure  118.   Punch-through  test  circuit. 

over-heating.  When  the  collector-to-base 
voltage  is  lowered  below  the  punch-through 
value,  normal  transistor  action  will  resume. 

22-16.  The  value  of  punch-through  voltage 
is  generally  specified  only  for  switching-type 
transistors.  A  circuit  that  can  be  used  to  check 
the  Vpt  of  a  transistor  is  shown  in  figure  118. 
The  transistor  is  biased  to  its  typical  operating 
values;  then  the  collector  voltage  is  increased 
until  voltmeter  V2  shows  a  sudden  increase. 
This  Increase  is  caused  by  the  increased  current 
now  through  Re  when  punch-through  occurs. 
The  reading  of  VI  is  the  punch-through  voltage 
of  the  transistor  under  test. 

22-17.  Direct-current  gain  test.  The  ratio  of 
the  output  direct  curent  to  the  input  direct 
current  indicates  the  direct-current  gain  of  a 
transistor.  This  parameter  is  useful  Vhen  a 
transistor  is  used  in  a  low-frequency  power 
amplifier,  switching  control,  and  logic  circuits. 
If  the  direct-current  gain  decreases  with  age, 
the  reduced  amplification  can  produce 
distortion  and  changes  in  impedance  which 
cause  mismatching. 

22-18.  Direct-current  gain  is  common!) 
specified  for  the  CE  configuration  and  is 
designated  p  or  hfe.  This  parameter.  /3,  is  equal 
to  the  direct-current  ratio  Wlb*  A  method  of 
determining  this  ratio  for  PNP  transistors  is 
shown  in  figure  119.  After  adjusting  for  proper 
biases,  the  milliammeters  are  read  to  obtain  the 
values  of  Ic  and  lb-  NPN  transistors  can  be 
tested  simply  by  reversing  the  polarity  of  the 
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Figure  119.   Direct -current  gain  (est  circuit. 

bias  supplies  and  reversing  the  meter 
connections. 

22-19.  Another  test  circuit  uses  a  null 
detector  as  shown  in  figure  120.  This  circuit  is 
biased  for  an  NPN  transistor.  Biases  must  be 
adjusted  to  the  specified  values  for  the 
transistor  under  test.  The  differences  of  the 
voltages  VI  and  V2  are  indicated  on  the  null 
detector.  By  adjusting  the  potentiometer, 
voltage  VI  is  made  equal  to  V2.  and  the  null 
indicator     reads     zero.  Hence, 
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VI/RI 

22-20.  Note  that  there  is  linear  relation 
between  current  gain  and  Rl  since  R2  is  fixed 
value/ It  IS,  therefore,  possible  to  calculate  a 
dial  on  the  potentiometer  to  read  /3  directly; 
The  maximum  ^  that  can  be  measured  will,  of 
course,  be  the  maximum  ration  R1/R2 
obtainable  with  the  tester 
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Figure  1 20.   Null  detector  direcl-curreni  gain  lesi  circuit. 


22-21.  When  testing  for  direct-current  gain, 
you  should  disconnect  the  transistor  from  its 
circuit.  Any  associated  circuit  that  shunts  the 
transistor  will  introduce  error. 

22-22.  Hybrid  parameter  tests.  When  a 
transistor  is  considered  to  be  four-terminal 
network  (see  fig.  121),  various  relations 
between  input  and  output  voltages  and  currents 
can  be  defined  in  terms  of  AC  parameters. 
These  are  known  as  small-signal  parameters 
that  indicate  the  performance  capabilities  and 
characteristics  of  a  transistor. 

22-23.  Most  manufacturers*  transistor  data 
sheets  specify  hybrid  (h)  parameters;  hi  is  the 
input  impedance  in  ohms  with  the  output 
shorted  (fig  122,A);  hr  is  the  reverse  voltage 
gain,  or  ratio  of  VI  to  V2,  with  the  input  open 
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Figure  121.  Four-terminal  network. 


circuited  (fig.  122,B);  hf  is  the  forward  current 
gain,  or  ratio  of  i2  to  il,  with*  the  output 
shorted  (fig.  122,C);  and  ho  is  the  output 
admittance  in  mhos  with  the  input  open 
circuited  (fig.  122,0).  To  indicate  whether  the 
parameter  is  for  the  common  base,  common 
emitter,  or  common  collector  transistor  circuit, 
an  additional  subscript  (b.  e,  or  c)  is  added  to 
the  h  parameter.  For  example,  the  common 
base  forward  current  gain,  which  is  the  same  as 
a,  is  designated  hfb;  and  the  common  emitter 
forward  current  gain,  which  is  the  same  as  /).  is 
designated  hfe. 

22-24.  Since  we  know  that  a  and  are 
related  by  the  following  equations. 


1  +  0 


and  /3  - 


1  - 


it  follows  that 


hfe 


I  +  hfe 


and  hfe  - 


hfb 


I  -  hfb 
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Figure  122.  Hybrid  parameter  equivalent  circuits. 

Thus,  regardless  of  how  current  gain  of  a 
transistor  is  specified,  you  can  determine  its 
gain  capability.  Values  of  hfb  usually  range 
from  0.9S  to  0.99;  values  of  hf^  range  from 
about  20  to  100.  Hybrid  parameters  are 
generally  specified  as  shown  in  figure  123. 

22-2S.  A  basic  transistor  test  set  for 
measuring  h  parameters  is  shown  in  figure  124. 
A  single  AC  meter,  M,  calibrated  to  read 


voltage  and  current  values,  is  used  in 
conjunction  with  calibrated  voltage  source.  G2. 
and  current  signal  source,  Gl,  to  determine  the 
four  hybrid  parameters  of  a  common  base 
transistor  configuration.  The  magnitude  of  the 
output  from  the  voltage  and  current  signal 
sources  is  controlled  by  range  switches,  which 
are  not  shown  in  this  basic  circuit  diagram.  The 
parameter  to  be  measured  is  chosen  by  a  single 
selector  (four  ganged  switches),  which  also 
connects  the  proper  bias.  Since  the  emitter  bias 
supply  has  an  internal  dynamic  resistance  of 
approximately  10  megohms,  it  may  be 
considered  an  open  circuit  for  AC. 

22-26.  Let  us  consider  each  position  of  the 
selector  to  see  how  each  parameter  is 
determined. 

a.  Position  1.  The  calibrated  voltage 
generator,  02,  applies  e2  to  the  collector,  and 
the  meter  reads  the  cfrcuit  current  12  (the 
resistor  Rl  develops  the  signal  that  is  measured 
by  the  meter  M).  Since  the  emitter  is  open- 
circuited  for  AC,  the  value  of  hob  is  the  ratio 
e2/l2. 

6.  Position  2.  Note  that  meter  M  is  now 
connected  between  the  emitter  and  ground  and, 
therefore,  reads  the  voltage  el.  The  calibrated 
generator  G2  applies  e2  to  the  collector.  The 
ratio  el/e2  is  the  value  of  hrb* 

c.  Position  3.  The  calibrated  current 
generator,  Gl,  is  connected  to  the  emitter.  This 
means  the  value  of  il  is  known.  The  meter  M 
now  reads  the  input  voltage  el.  Because  the 
output  circuit  is  virtually  short-circuited  (R2  is 
a  smail  resistor),  the  value  of  hi  is  the  ratio  of 
il/el. 

d.  Position  4.  The  calibrated  current 
generator  is  connected  to  the  emitter;  thus  il  is 
known.  The  met«*r  M  in  conjunction  with  shunt 
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Figure  123.  Example  of  hybrid  psrsmeter  vaiues, 
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Figure  124.  Hybrid  parameter  test  circuit. 


R2  reads  the  collector  current,  which  is  i2.  The 
ratio  i2/i2  gives  us  the  value  of  h(^, 

22*27.  The  tester  we'  have  just  discussed'  is» 
of  course,  a  very  simple  one.  Transistor  testers 
for  general  use  m  the  field  are  more  complex 
since  they  are  designed  for  both  in-circuit  and 
out-of-circuit  testing.  Moreover,  they  provide 
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for  short-circuit  tests,  bias  selection,  beta 
measurement,  and  collector  reverse-current 
tests.  In  other  words,  a  practical  transistor 
tester  generally  incorporates  all  circuits  that  we 
have  discussed  separately,  plus  other  testing 
features. 

22-28.  At  this  time,  work  the  chapter  review 
exercises  for  Chapter  6  in  ycjr  workbook. 
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CHAPTER  KlfVlEW  EXERCISES 

The  following  exercises  are  study  aids.  HV/re  your  answirs  in  pencil  in  the  space  proi'idcd  after  each 
exercise.  Immediately  after  completing  each  set  of  exercises,  check  your  responses  against  the  answers  J  or 
that  set.  Do  not  submit  your  answers  to  ECI  for  grading. 

CHAPTER  1 

Objective:  To  demonstrate  a  knowledge  of  supervision  principles  and  the  types  of  training  programs 
available  to  the  airman,  whether  formal,  informal,  correspondence,  on  base,  or  off  base. 

1 .    What  is  a  supervisor?  (1-2) 


2.  With  the  assignment  of  responsibility,  what  else  is  due  to  the  supervisor?  (  I  -4) 

3.  Where  does  a  supervisor's  primary  responsibility  lie?  (1-6) 

4.  How  demanding  are  the  responsibilities  of  a  supervisor  to  himselH  ( I  -V) 

5.  In  solving  an  employee  relations  problem,  what  steps  should  you  use?  {\A2) 

6.  Must  all  workers  be  told  how,  when,  and  what  to  do  in  work  assignment?  ( M4-16)  . 

7.  Give  two  reasons  for  a  thorough  examination  of  a  completed  repair  job  on  a  piece  of  equipiucnl.  ( 1-IH) 

8.  How  can  you  measure  a  worker  or  group  of  workers  as  to  performance?  (1-22.23) 

9.  Why  is  the  performance  report  so  important?  (105) 


10.    You  have  successfully  arrived  at  the  7  level  in  your  chosen  career  field.  How  can  you  quahfy  for  the 
9  level  (superintendent)?  (2-5) 
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1 1 .   Whai  IS  luieral  iiainirm?  (2-6) 


12.   I\»rinal  airniun  courses  are  identitied  by  the  AFSC,  by  lille,  and  by  letter  prefixes  and  suffixes,  as 
needed.  What  does  the  liiM  letter  in  the  prefix  tell  you?  (2-8) 


I  V   Whai  are  the  two  division^i  of  on-the-job  training?  (2-10) 


14.  Wliai  i.>  the  meaning  of  the  term  ^'career  development"?  (2-11) 


1 5.  In  which  phase  of  the  DuaK'hannel  Concept  would  you  make  the  greatest  progress  in  perfecting  the 
skilU  in  your  chosen  field?  (21 2,13) 


\h,   VVh;ii  inusi  vou  do  in  order  to  receive  the  award  of  the  5  or  7  skill  level  of  your  AFSC?  (2-15) 


17.  Whv  IS  tlie  AF  l-orni  62J. Consolidated  Training  Record,  so  important  to  the  airman?  (2-21) 


IS.   What  iraining  publication  lists  the  knowledge  required  of  a  person  on  a  certain  job  task?  (2-25) 


In  what  three  ways  is  the  Field  Training  Program  conducted?  (2-30) 


20.  SiippoNC  that  the  Air  Force  has  a  surplus  of  airmen  qualified  in  a  certain  AFSC.  What  is  its  most  likely 
ci)urse  of  action?  (2-34) 


CHAPTliR  2 

( )h|e\.iive  To  demonstrate  a  knowledge  of  the  principles  and  objectives  of  ground  safety  applicable  to  the 
cnmmunicaiions-electronics  repairma^i's  job. 

I.    Wlui  IS  the  objective  of  safely  education?  (Intro.- 1 -4) 
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Ilnv  call  A  start  be  inaJi*  on  ^:ooU  liousel.ec;-i:iy .*  (.^•-) 


3.    How  does  a  cluttcied  workbench  al Yccl  youi  work?  ( .^-4 » 


4.    Wliai  is  ihe  basic  ingredient  of  all  accidents?  (3-10) 


5.    While  accidents  involving  Air  Force  people  and  property  can  be  described  in^tcrms  oi  money  co.nIs. 
is  the  most  dangerous  effect  ihey  can  have?  (3-16) 


6.    What  must  you  have  before  an  organized  accident  prevention  effort  can  be  successful?  (3- 18) 


7.    Wliat  is  the  best  njcthod  for  the  prevention  of  fires?  (3-20.2 1 ) 


8,  *  Wliich  type  of  fire  extinguisher  would  you  use  to  extinguish  a  gasoline  tire?  (3-:4;  Pig  2) 


'  9.    How  can  you  know  tlidi  you  are  in  an  area  contaminated  by  radioactivity?  (3-27) 


10.  What  kind  of  accidents  should  be  reported?  (3-29) 


1 1 .  You  don't  live  many  years  before  you  meet  two  types  of  common  emergencies.  What  are  they?  (4-2 ) 


12.  NVhai  are  the  three  life-saver  steps  in  the  ireaimeni  of  a  serious  cut  or  wound?  (4-4) 


13.  Name  iluee  ways  to  stop  bleeding.  (4-5-8) 


14.  What  should  you  always  treat  an  accident  vicliui  foi ,  wlicther  or  not  he  has  the  symptoms*^  (4.|1 ) 


I3ii 

4 


15.  Wlui  are  the  sympioms  of  shock?  (4-12) 

c 

16.  Wliai  is  ariificial  re,spiraiion?  (4-15) 


•  17.    Althougl)  there  are  four  methods  of  artificial  respiration,  why  is  the  mouth*to*mouth  method  the  most 
effective?  (4-18) 


IK.    What  are  the  seven  steps  for  administering  mouth-to-mouth  artificial  respiration?  (4-20) 


1^),    \Vliat  are  the  indications  that  the  victim  is  responding  to  artificial  respiration?  (4-24) 


10.    What  can  you  do  to  reduce  the  off -base,  off-duty .  privately  owned  vehicle  accident  rate?  (5-5) 


21 .    Wliat  good  authority  is  available  on  sports  safety?  (5-8) 


\V1w  is  life  in  the  barracks  subject  to  accidental  injuries  and  deaths?  (5-9-11) 


1}.    List  the  safety  items  that  every  hobby  shop  user  should  be  familiar  with.  (5-13) 


CHAPTER  3 

Objective:  Tu  demonstrate  a  knowledge  of  maintenance  principles,  printed  card  repair,  man-hour  reporting, 
inainietiuiiee  data  eolleeliun  system,  organizational  structure,  Chief  of  Maintenance  functions,  product 
iinprv)venient  program,  and  the  scope  and  application  of  technical  order  systems. 

I .    During  whai  type  of  maintenance  procedures  are  you  likely  to  detect  circuits  which  are  in  marginal 
condition?  (6*2) 


What  w(Mild  you  look  for  when  making  a  visual  inspection  of  resistors  and  capacitors?  (6-5) 
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3.    Wliai  is  the  primary  conskicratiun  when  iLvinu  M>|\v!it< » ((> 


4.    \Vliai  is  the  purpose  ol  cliniaiic  deterioraliun  prevention?  ib-M) 


5.    In  what  TM  can  you  find  resistance  measurements?  (7-7) 


6.    What  is  the  first  precaution  you  must  observe  bet'ore  making  a  resistance  clieck?  (7-7) 


7 .    Name  some  uses  of  SWR  measurements?  (7- 1 6) 


8.    In  what  direction  are  tlie  bottoms  of  tube  sockets  counted?  (7-23) 


9.    Where  would  you  find  the  normal  voltage  and  resistance  values  at  the  pins  of  connectors  and  tube 
sockets?  (7-25) 


10.    List  some  things  that  you  should  include  in  your  method  of  troubleshooting^  (7.2S.2^>) 


1 1 .    Refer  to  figure  19  in  the  text.  Using  the  half-split  method,  where  would  you  duck  if  there    no  o\\\\ni\ 
from  stage  8  and  a  check  shows  no  output  at  pqint  D?  (7-34) 


12.    Why  is  it  necessary  to  try  to  replace  a  defective  component  with  one  of  identical  characicxisiics  and 
physical  size?  (7-42) 


13.  At  what  point  in  the  corrective  maintenance  procedures  would  you  normally  align  a  circuit?  (7-4(^) 

14.  What  is  determined  by  a  performance  test?  (7-47 ) 

1 5.  Why  is  it  necessary  to  handle  printed  circuits  with  care?  18-5 ) 
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What  lypc  ol  solder  do  you  use  to  repair  primed  circuits?  (8-1 1 ) 


Name  tour  lypes  ot*  wire  wraps  thai  you  may  be  required  to  make?  (8-19-23) 


Wliai  i>i  the  smallest  radius  that  you  can  bend  a  coaxiaj  cable?  (9-6) 


What  does  a  red  printed  Ideniit'ication  code  on  a  line  signify?  (9'7) 


hat  point  on  a  ground  wire  6  inches  long  would  the  wire  identification  code  be  printed?  (9.7) 


VVIien  should  you  use  the  single-wire  safety  method?  (9-9) 


Why  is  it  necessary  that  bonding  and  grounding  connections  be  properly  made?  (9-10) 


75^ 


MODIFICATIONS 

of  this  publication  has  (have)  been  deleted  in 
adapting  this  material  for  inclusion  in  the  ''Trial  Ir^plementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Ose  in  Vocational 
and  Technical  Education/*    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  in  vocational  and  technical  education. 
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CHAPTER  4 


Object ivcb:  To  demonstrate  a  knowledge  of  the  components  of  an  oscilloscope  and  how  they  operate,  and 
show  ability  to  operate  a  sample  synchroscope  by  analyzing  presentations  under  given  operating  condition 

I.  List  the  basic  circuits  that  make  up  an  oscilloscope.  (12-1) 

2-  Name  four  of  the  five  special  features  usually  found  on  a  synchroscope.  (12-1) 

3.  Wliat  are  the  functions  of  the  anodes  in  a  cathode-ray  tube?  (12-3) 

4.  I  low  IS  the  deflection  sensitivity  of  an  oscilloscope  usually  expressed?  ( 1 2-6) 

5.  H  1 50  VIX:  causes  a  3-inch  displacement  of  the  spot  on  the  face  of  an  oscilloscope,  what  is  the 
Uellcclion  factor?  ( 12-7) 


6.    Wiat  is  generally  used  as  the  screen  coaii:»|:i  -  d  genciai  purpose  C  RT?  (12-10) 


7.    What  happens  to  the  electron  beam  if  the  lead  connec;ing  the  aquadag  to  the  powe-  supply  is  open'.' 
(12-12) 


8.    What  type  of  rectifier  is  normally  used  in  the  high-voltage  power  supply  of  an  oscilloscope?  (1 2-1 5 ) 


9.    What  type  of  reciificr  is  normally  used  in  the  low-voltage  power  supply  of  an  oscilloscope?  (12- W>) 


10.    What  type  of  gas  tube  is  used  for  sweep  generators?  (12-23) 


1 1 .    Why  must  an  oscilloscope  sweep  be  linear?  ( 1 207) 


12.    How  is  a  stationary  display  obtained?  (12-28,29) 


13.    What  is  the  distinguishing  feature  of  a  synchroscope?  (12-31 ,32) 


14.    If  the  sweep  calibrator  is  set  for  10  jusec/inch  and  the  signal  under  test  makes  a  complete  cycle  in  4  inch 
what  is  the  signal  frequency?  (12-35) 


15.    What  is  the  purpose  of  a  voltage  calibrator  on  an  oscilloscope?  (12-42,43) 


16.    What  U  the  purpose  of  retrace  blanking?  (12-46,50) 


17.    After  you  have  adjusted  the  intensity  control,  what  other  control  may  you  have  to  adjust?  (13-4) 


18.    When  a  halo  appears  around  the  spot  on  an  oscilloscope  screen,  what  control  should  you  adjust?  ( 1 3-5 ) 


I4i 


When  the  !>pot  is  cHipiical  on  the  screen,  what  control  should  you  adjust?  ( 1 3-7) 


What  happens  if  you  increase  the  gain  control  too  much?  (13-10) 


What  heighi-tu-width  ratio  provides  optimum  display  proportions  for  general  purpose  waveform 
examinations?  (13-12) 


What  controls  do  you  use  to  center  the  spot  on  the  screen?  (13-14) 


II  J  stable  display  of  2'  :  cycles  for  a  I -kHz  signal  appears  on  a  scope,  what  is  the  sweep  frequency'^ 
1 1.-23) 


Wiijt  happens  if  you  advance  the  synchronizing  control  too  far?  ( 13-32,33) 


Whui  is  the  purpose  of  the  Z-axis  in  an  oscilloscope?  f  13-35.36) 


Lis!  precautions  that  you  should  take  when  using  an  oscilloscope  to  protect  yourself  and  the 
equipment.  ( 13-42,44) 


What  indication  do  you  get  when  there  is  poor  contact  between  the  rotor  and  the  resistive  element  in 
the  vertical  gain  potentiometer?  <  13-50) 


When  operating  the  Tektronix  585 A  (fig.  65)  in  the  "B"  INTENSIFIED  BY  "A^'  sweep  function, 
unblanking  is  a  function  of  which  sweep  unblanking  pulse  and  intensification  is  a  function  of  which 
sweep  unblanking  pulse?  (14-26-31) 
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2^).    Name  tlie  oscilloscope  control  ihui  performs  ouch  lunciiun  listed  below. 

a.  Deieimines  input  voltage  required  lo  deflect  beam  I  cm  vertically. 

b.  Sets  voltage  level  required  to  trigger  the  trigsier  generator. 

c.  Positions  iniensil'ied  area  v)f  di^play. 

(J.  Selects  desired  sweep  and  unblanking  signals, 
L\  Adjusts  trigger  generator  input  circuits. 
/;  Adjusts  slope  of  sweep  sawtooth. 

g.  Selects  sync  signal  slope  that  is  lo  trigger  the  trigger  generator. 

h.  Selects  dual  or  single  vertical  input  functions. 
(Sec.  14,  all  paras.) 


30.    For  best  results,  which  triggering  should  you  always  use  when  checking  phase  relatujn^hips  with  the 
dual-trace  oscilloscope  plug-in  adapter?  (14-51 ) 


3 1 .    What  type  of  meter  has  a  valid  multiplying  factor  for  all  ranges  when  a  high-voltage  probe  is  used?  (15-4) 


32.    List  two  purposes  of  a  higli-voliage  resistive  probe.  ( 1 5-4.5) 


33.    If  the  small  capacitor  of  a  high-voltage  capaciiive  probe  is  5  ppf  and  the  step-down  ratio  is  50.  wiui  is 
the  value  of  the  other  capacitor?  ( 1 5-8,9) 


•   .  CHAPTER  5 

Objective:  To  demonstrate  a  knowledge  of  the  circuits  used  to  check  power  and  frequency. 

1 .  What  power  does  an  ordinary  AC  wattmeter  measure?  (16-2) 

2.  What  is  the  purpose  of  the  compensating  coils  used  in  waiimelers?  (16-4) 

3.  Wattmeters  are  usually  limited  to  approximately  how  much  current?  ( 16-5) 

4.  What  would  you  use  to  extend  the  range  of  a  wattmeter  to  measure  higli  .AC  power?  (16-5) 
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5,    Why  does  the  accuracy  of  u  wattmeter  decrease  when  it  is  used  to  measure  power  above  1  kHz?  (16-7) 


(T.    Wliai  is  the  standard  reference  level  for  dbm?  (16-1 2) 


7.    What  type  ot*  meter  would  you  use  to  check  the  input  power  to  a  transmitter?  (16-13) 


S.    Wliat  measurement  is  the  equivalent  to  I  vu?  (16-13) 


In  what  power-measuring  instrument  is  a  thermistor  commonly  used?  (16-14) 


no.    Wlut  power-measuiing  instrument  uses  an  ultra-thin  wire  to  measure  power  at  microwave  frequencies? 
(16-14) 


1 1 .    Wlui  instrument  would  you  use  to  get  the  most  accurate  measurement  of  high  power?  (16-16) 


1 2.    What  fluid  is  normally  used  in  tlow  caloriumeters  that  measure  power  at  1000  MHz  and  higher? 
(Kvl8-:0) 


1 3.  List  four  types  of  frequency  test  instruments.  (17-1) 

14.  What  type  of  wavemeter  is  more  suitable  for  measuring  the  frequency  of  low-power  equipment?  (17-2) 


15.    You  want  to  check  the  approximate  frequency  of  a  tuned  circuit  before  applying  power.  What  type 
of  meter  would  you  use?  (17-7) 


16.    What  type  of  frequency  meter  uses  a  VFO  for  its  internally  generated  frequency?  (17-9) 


17.    Whal  indicatiun  do  you  get  when  ihe  frequency  of  the  set  under  test  and  the  trequeiicy  ol  ihc  VI  O  ot 
the  heterodyne  frequency  meter  are  equal?  ( [7-9) 


18.    What  must  you  use  with  a  heterodyne  frequency  meter  when  measuring  frequencies  at  crystal 
checkpoints?  (17^0) 


19,    What  circuit  is  used  in  the  input  section  of  a  frequency  count  to  shape  the  output  pulse?  ( 1 8-4,5 ) 


•  20.    What  section  of  the  frequency  counter  contains  the  decade  frequency  dividers?  (18-10) 


2 1 .    What  is  the  purpose  of  the  read  pulse  in  the  frequency  counter?  (18-17) 


22.    What  section  provides  the  input  to  the  input  section  of  the  frequency  counter?  (18-20) 


23.    If  the  gate-time  selector  switch  of  a  frequency  counter  is  set  on  0.1  second  and  its  readout  Is  47302, 
what  is  the  frequency  of  the  signal  under  test  and  the  accuracy  of  the  reading?  (18-27) 


24.    How  can  you  increase  the  accuracy  of  a  frequency  counter  when  measuring  a  high  frequency?  ( 1 8-27) 


25.    What  happens  to  the  accuracy  of  a  frequency  meter  at  lower  frequencies?  (18-28) 


26.    List  three  major  sections  usually  found  in  a  signal  generator.  (19-1) 


27.    What  type  of  oscillator  is  commonly  used  in  a  signal  generator  above  300  MHz?  (194) 


28.    YiHi  have  a  bench  mockup  with  an  oscilloscope  installed  as  pari  of  the  test  harness.  Who  has  the 
responsibility  for  repair  ol  this  oscilloscope?  (2l)-4) 
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2*'.    VVhai  lechnlcul  order  du  y4»u  refer  lo  it  you  are  in  doubi  as  lo  the  responsibility  ot  calibrating  a  certain 
piece  of  lest  equipnieni?  (20-5) 


CHAPTER  6 


Objective:  To  demonstrate  a  knowledge  of  the  circuits  used  to  test  vacuum  tubes  and  transistors. 
I .    Slate  three  disadvantages  of  an  emission-type  tube  tester.  (21*3) 


2.    The  transconductance  of  an  amplifier  tube  should  be  at  least  what  percent  of  its  rated  value  to  be 
considered  acceptable?  (21-6) 


}.    Concerning  transconductance,  (a)  what  is  it  and  (b)  what  does  it  indicate?  (21-7) 


4.    Wlial  method  of  measuring  transconductance  is  being  used  when  DC  bias  is  held  constant  and  an  AC 
test  signal  is  applied  to  the  grid  of  the  tube  under  test?  (21-9) 


5.    To  protect  the  tester  meter  from  damage,  what  test  should  you  perform  first  on  a  tube?  (2M  2) 


(?.    What  tube  check  is  a  very  sensitive  short-circuit  test?  (21-14) 


7.    What  are  the  symptoms  of  a  tube  with  cathode  leakage?  (2M6) 


8.    A  tube  is  considered  substandard  if  a  noticeable  decrease  in  emission  occurs  during  a  filament  activity 
lest.  What  percent  of  the  rated  value  must  the  emission  decrease  to  indicate  substandard  operation? 


21-18) 


o.    What  indicates  the  rectifying  ability  of  a  crystal  diode?  (22-3) 


0 


10.    Wlien  Uiiiig  the  dynaniic  diode  tester  in  figure  1 13,  vvha!  turve  is  dii-played  on  a  scope  to  analyve  the 
behavior  of  a  crystal  diode?  (2t-4) 


II.    A  Zener  diode  regulates  at  approximately  what  voltage?  (22-10) 


12.    How  is  collector  leakage  or  cutoff  current  designated?  (22-14) 


13.    What  hybrid  values  correspond  to  alpha  and  beta  for  a  tjansistor?  (22-23) 


14.    If  h|Tj  is  0.96,  what  is  the  value  of  hfe?  (22-24) 


15.    If  hfe  is  50,  what  is  the  value  of  hfb?  (22-24) 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 
CHAPTER  I 

I .  A  supervisor  is  a  person  who  directs  the  efforts  of  one  or  more  people  in  getting  a  job  done. 

Adequate  authority  must  go  hand  in  hand  with  the  assignment  of  a  responsibility.  Under  most 
circumstances,  woikeis  would  doubt  the  wisdom  of  a  supervisor  who  has  been  given  inadequate  or  no 
authority  on  the  job.  . 

.V    A  supervisor's  primary  respon.sibility  is  always  to  the  mission.  Other  considerations  may  be  important, 
but  arc  secondary. 

4.  Using  a  checklist  as  a  guide,  the  supervisor  must  understand  his  organization,  plan  and  get  the  work  out, 
determine  performance  requirements,  train  workers,  and  work  at  self-improvement. 

5.  The  following  steps  are  the  best  in  solving  a  problem:  (I)  get  the  facts;  (2)  weigh  and  decide; (3)  take 
action,  and  (4)  check  results. 

6.  While  some  workers  know  what  to  do  without  being  told,  others  will  resent  the  supervisor  who  does  not 
specifically  lay  out  each  detail.  Then  there  are  some  who  want  instructions  and  cheerfully  carry  them 
i»ut.  No  matter  the  type  of  workers,  the  supervisor  must  be  sure  that  all  know  their  duties. 

7.  A  thorough  examination  of  a  job  will  ( I )  reveal  whether  the  equipment  will  operate  successfully  and 
safely  and  (2)  afford  an  opportunity  to  review  with  the  worker  the  steps  he  has  taken.  This  review  can 
be  used  as  a  teaching  device. 

8.  The  Specialty  Training  Standard  is  your  guideline  so  far  as'the  skills  and  knowledges  of  a  job  are 
concerned.  In  many  cases,  you  have  to  devise  your  own  standards  of  measurement  for  workers  against 
workers. 

The  performance  report  is  the  primary  source  for  information  on  training,  assignments,  special  actions, 
and  promotion. 

10.    By  experience  on  the  job,  a  passing  score  on  the  USAF  Supervisory  Test,  and  a  recommendation  from 
your  supervisor. 

I I .  Lateral  training  is  qualifying  as  a  5  level  in  a  specialty  other  than  your  own  before  qualifying  for  the  7 
level. 

i  2,    The  first  letter  in  the  prefix  tells  you  whether  it  is  for  airmen  or  officers-A  for  airmen  and  0  for 
officer  courses. 

13.  Career  development  and  job  proficiency  development. 

14.  Career  development  is  the  acquiring  of  the  background  knowledge  and  specific  information  needed  to  be 
able  to  perform  the  duties  cf  the  AFSC  in  question. 

15.  Your  greatest  progress  in  perfecting  your  skills  would  be  on-the-job  training  under  the  applicable  Job 
Proficiency  Guide. 
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16.  Be  certified  by  your  supervisor,  and  serve  a  stipulated  period  in  OJT  status.  • 

17.  The  AF  Form  623  is  the  only  vontplete  record  o\  training. 

18.  The  specific  Specialty  Standard  defines  the  task  knowledge  levels. 

19.  By  field  training  detachments  permanently  assigned  to  a  unit,  by  mobile  training  detachments,  or  by 
traveling  teams. 

20.  The  airmen  will  be  given  on-the-job  training  into  a  related  AFSC  in  which  there  is  a  shortage. 


CHAPTER  2 

1 .  The  more  you  know  about  the  potential  hazards  of  your  job  and  off-duty  activities,  the  better  your 
chances  for  an  accident-free  life.  You  must  periodically  expose  yourself  to  instruction  in  safe 
procedures  for  your  own  sake  as  well  as  for  others. 

2.  By  acquiring  the  habit  of  personal  cleanliness  and  neatness,  you  will  automatically  extend  the  same 
habits  to  your  work  area. 

3.  A  cluttered  workbench  makes  effective  work  almost  impossible  and  is  the  starting  place  for  an  accident. 

4.  The  basic  ingredient  of  all  accidents  is  the  law  of  cause  and  effect. 

5.  The  missions  of  the  Air  Force  may  fail  through  accidents  to  people  and  equipment.  This  is  the  most 
dangerous  effect. 

6.  You  must  have  effective  enforcement  because  accidents  are  frequently  the  direct  result  of  violation  of 
safety  principles. 

7.  Good  housekeeping  prevents  fires.  Overloaded  electric  circuits,  accumulation  of  oily  wastes  and  rags, 
careless  handling  and  storage  of  flammable  or  explosive  material-all  add  up  to  poor  housekeeping  and 
become  fertile  causes  of  tires. 

8.  A  foam-type  extinguisher  would  be  used  on  gasoline  fires. 

9.  Where  AFTO  9  series  forms  are  displayed. 

10.  Report  all  accidents  resulting  injury  or  property  damage. 

1 1 .  Wounds  or  cuts  and  drownings  are  emergencies  most  of  us  face. 

12.  In  treating  a  serious  cut  or  wound  ( I )  stop  the  bleeding,  (2)  prevent  or  treat  shock,  (3)  protect  the 
wound. 

13.  When  trying  to  stop  bleeding  (1 )  apply  a  bandage  and  pressure  directly  to  the  cut,  (2)  apply  hand  or 
finger  pressure  at  various  points  on  a  patient's  body ,  and  (3)  apply  a  tourniquet  (a  tourniquet  should  be 
used  only  for  source,  life-threatening  hemmorrhaging  that  cannot  be  controlled  by  other  means). 
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14.  You  should  always  treat  an  accident  victim  for  shock. 

15.  The  symptoms  of  shock  are:  (a)  trembling  and  apparent  nervousness;  (b)  rapid  and  weak  pulse;  (c) 
excessive  thirst;  (d )  becoming  quite  pale  and  perspiring;  (c)  gasping  for  air  and  even  fainting;  and 
(0  vomiting  or  complaining  of  nausea. 

i  6.    .Artificial  respiration  is  a  means  of  causing  air  to  flow  in  and  out  of  the  lungs  of  a  person  when  his  normal 
breathing  system  ceases  to  function. 

i  7.    MoutlMivmouth  artificial  respiration  can  be  used  even  though  the  victim  ttas  suffered  serious  fractures, 
tnirns.  or  other  injuries.  It  is  also  the  surest  method  of  getting  oxygen  into  the  lungs. 

IS.    (1 )  Turn  the  victim  on  his  back;  (2)  clean  the  mouth,  nose,  and  throat;  (3)  place  vidimus  head  in  the 
*\sword  swallowing  position";  (4)  hold  the  lower  jaw  up;  (5)  close  the  victim's  nose;  (6)  blow  air  into, 
the  victim's  lungs;  and  (7)  let  air  out  of  victim's  lungs. 

1^.    The  first  indications  of  the  victim  responding  to  artificial  respiration  will  be  a  gurgling  or  gasping  for 
air  and  possibly  coughing  and  gagging. 

20.    Learn  the  traffic  laws  that  are  in  effect  in  your  location  and  observe  these  laws  strictly. 

1\.    The  Air  Force  Sports  Manual,  AFM  215-2,  is  an  authority  on  sports  safety. 

22.  Barracks  life,  like  home  life,  can  produce  many  accidents.  Carelessness  and  horseplay  are  common  causes. 

23.  (a)  Make  sure  you  are  well  oriented  on  the  use  of  the  equipment;  (b)  use  safety  guards  at  all  times; 

(c)  make  sure  that  the  floor  around  machines  is  free  from  stumbling  and  tripping  hazards,  and 

(d)  keep  the  floor  clear  of  sawdust  and  scraps. 


CHAPTER  3 

1 .  Preventive  maintenance  procedures  are  designed  to  detect  conditions  that  may  lead  to  malfunctions.  This 
includes  marginal  operations, 

2.  Resistors  and  capacitors  that  are  discolored,  burnt,  or  cracked. 

3.  Adequate  ventilation. 

4.  To  prevent  arcing,  frequency  sliift,  short  circuits,  and  general  deterioration  due  to  excessive  humidity, 
condensation,  and  the  resultant  growth  of  fungi. 

5.  The  maintenance  manual  for  the  particular  piece  of  equipment  on  which  you  are  working. 

6.  Remove  power  from  the  circuit  under  test. 

7.  To  indicate  a  poor  or  good  impedance  match,  in  making  repairs,  for  preventive  maintenance,  and  in 
checking  and  making  adjustments  to  transmitters. 

8.  Clockwise. 
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In  ihc  voltage  and  resist jiicc  charts  in  yotir  cijuipnient  tcdinicul  ui  Jeo. 

10.  txaniinauon  of  all  available  equipment  recurd.>.  evaluation  of  operator's  comnients,  and  pcrtonnanco 
ot  operational  checks  when  possible. 

1 1 .  Point  B. 

12.  Becaii?e  in  high-lVeqiiency  circuits,  the  ditlercnt  charaeterisiicb  may  cause  the  circuit  Irequcncv  to 
change. 

13.  After  all  repairs  have  been  corrected,  and  only  then  if  it  is  absolutely  necessary. 

14.  The  operating  efficiency  of  the  equipment. 

15.  Because  the  materials  used  are  very  fragile. 

16.  60/40  solder. 

1 7.  Eyelet  terminal  wire,  terminal  wire,  old  lead,  and  new  component  wraps. 

18.  Six  times  the  diameter  of  the  coaxial  cable. 

19.  Tliat  it  is  an  AC  line. 

20.  Near  the  center. 

21.  For  emergency  devices,  for  areas  difficult  to  reach,  and  on  small  screws  in  a  closely  spaced  pattern. 

22.  Bonding  and  grounding  connections  must  be  made  properly  to  protect  equipment  and  personnel  iVoni 
lightning  discharges  and  electrical  shock,  to  prevent  development  of  RF  potentials,  and  to  provide 
current  return  paths. 
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CHAPTER  4 

Cathode-ray  tube,  sweep  generator,  horizontal  and  vertical  deflection  ampliflers,  and  power  suppli 
Triggered  sweep,  retrace  blanking,  marker  generator,  and  voltage  calibrator. 
The  anodes  accelerate  the  electrons  and  focus  the  beam. 
In  millimeters  per  DC  volt  , 


2il5  J 


5        ^  /     =:  50  VDC  per  inch. 

3  III.  ^  * 

6.  Green  pho^plior. 

7.  It  disperses  and  illmninaies  the  screen. 

8.  Because  the  current  required  to  opei^^te  a  CRT  is  very  small,  a  half-wave  rcciiller  is  normally  used. 

9.  Full-wave.  The  current  required  is  moderate. 
10.  Thyratron. 

M .  To  prevent  distortion  of  the  displayed  signal. 

12.  By  synchronizing  the  sweep  generator  with  the  incoming  signal. 

13.  The  sweep  of  a  synchroscope  is  triggered. 

14.  .  ^   =  ——=25  kHz. 

15.  To  enable  you  to  use  the  oscilloscope  as  a  voltnvcier. 

16.  To  keep  the  electron  beam  from  being  seen  during  ily  back  time. 

17.  The  focus  control. 

18.  The  intensity  control. 

19.  The  focus  control. 

20.  The  vertical  amplifier  is  overdriven  and  the  display  is  distorted. 

21.  A  height-to-width  ratio  of  2:3  or  4:5  is  optimum.  These  ratios  usually  assure  that  a  true  repre.sentation 
of  the  wave  is  displayed. 

22.  The  vertical  and  horizontal  positioning  controls. 

23.  -J^=400Hz. 

2.:> 

24.  The  sweep  generator  operates  erratically  and  the  display  is  distorted. 

25.  For  intensity  modulation  of  the  electron  beam  by  the  input  signal. 

26.  Do  not  operate  an  oscilloscope  when  its  case  is  removed  and  be  sure  the  oscilloscope  is  properly 
grounded.  Handle  a  CRT  carefully ,  do  not  allow  a  bright  spot  to  remain  stationary  on  a  CRT  screen, 

27.  Crass  on  the  display. 
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B.A, 

:'K    a.  Veil  is/cm. 

h.  Triggering  level. 

c.  Delav  -time  multiplier. 

(/.  Horizoiita!  display. 

c.  Triggering  source. 

./.  Tiine.'cm. 

g.  Trigger  slope. 

//.  Mode. 

.>U     The  external  signal.  This  keeps  each  signal  from  triggering  its  own  sweep. 


1 .  Real  or  in^phase. 

2.  To  insure  a  zero  reading  with  no  load. 

3.  r."^  amperes. 

-I  A  current  transformer. 

5.  The  accuracy  decreases  because  at  high  frequencies  magnetic  fields  affect  the  meter. 
(>.     1  milliwatt. 

7.  .A  vu  meter. 

S.  1  dbm. 
Bolometer. 

10.  Bolometer. 

9 

1 1 .  Calorimeter. 

12.  Water  is  used  at  frequencies  above  1000  MHz  because  of  its  excellent  thermal  qualities, 
l.v  Wavemetet.  grid-dip  meter,  heterodyne  frequency  meter,  and  frequency  counter. 

14.  Reaction  type. 


VTVM. 


ft  decreases  the  effect  of  boltmeter  loading  and  provides  isolation. 


C:  =5  (50. 1)  ^^f  =  245  ^^f. 
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15.  Grid-dip  meter. 

16.  Heterodyne  frequency  meter. 

1 7.  The  best  frequency  is  zero. 

18.  Calibration  book. 

19.  Schmitt  trigger  circuit. 

20.  Time-base  section. 

21.  To  activate  the  gate  section. 

22.  The  gate  section. 

23.  473.020  ±  1 0  Hz  is  the  frequency .  Accuracy  is  4  73     | Q5  ^  100  percent  =  0.002  percent. 

24.  By  taking  readings  for  progressively  longer  time-gate  intervals. 

25.  The  accuracy  decreases. 

26.  A  VFO,  a  modulating  circuit,  and  an  output  attenuator. 

27.  A  klyslron-type  oscillator. 

28.  The  using  organization. 

29.  TO  33K- 1  -01 ,  Calibration  Procedures  and  Responsibilities.  This  TO  lists  all  test  equipment  and  tells 
who  is  responsible  for  its  calibration. 

CHAPTER  6 

1 .  a.  A  definite  100-percent  point  is  not  known. 

b.  High  emission  does  not  necessarily  indicate  a  good  tube. 

c.  The  tube  is  not  tested  during  simulated  operating  conditions. 

2.  70  percent. 

3.  (a) 

tg 

(b)  it  indicates  the  amplifying  ability  of  a  tube. 

4.  When  an  AC  test  signal  is  applied  to  the  grid,  the  dynamic  method  of  measuring  transconductance  is 
being  used, 

5.  The  short<ircuit  test.  If  the  tube  is  shorted  and  other  tests  are  made,  the  higli  current  could  damage  the 
tube  tester. 
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6.  Noise. 

7.  Ndisc  when  I  ho  tube  vibrates, 

8.  If  the  emission  decreases  more  than  10  percent  during  the  filament  activity  test,  the  tube  is  considered 
substandard. 

The  ratio  of  the  reverse-to-forward  resistance. 

1 0.  Ihe  reverse  curreni  versus-voltage  curve, 

1 1 .  Breakdown  or  Zener. 

12.  By  the  symbol  I^.^^. 
l.v  Hfi^andhfg. 

'       "le     I  -  0.96  0.04 
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STOP- 


1.  MATCH  ANSWER 
SHEET  TO  THIS 
EXERCISE  NUM- 
BER. 


2.  USE  NUMBER  1 
PENCIL. 


30455  OlA  22 


VOLUME  REVIEW  EXERCISE 


Carefully  read  the  following: 
DO'S. 

1.  Check  the  "course/'  "volume/'  and  "form"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification  number"  in  the 
rigJithand  column  of  the  shipping  list.  If  numbers  do  not  match,  take  action 
to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a 
note  of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column 
to  column. 

3.  Use  only  medium  sharp  #1  black  lead  pencil  for  marking  answer  sheet. 

4.  Circle  the  correct  answer  in  this  test  booklet.  After  you  are  sure  of  your 
answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean  eraser. 
But  |ry  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 


6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  ntandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI 
Form  17. 


1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double 
marks  or  excessive  markings  which  overflow  marking  blocks  will  register  as 


3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don  I  use  ink  or  any  marking  other  than  with  a  #1  black  lead  pencil. 

NOTE:  TEXT  PAGE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRE 
is  the  Text  Page  Number  where  the  answer  to  that  item  can  be  located. 
When  answering  the  items  on  the  VRE,  refer  to  the  Text  Pages  indicated 
by  these  Numbers.  The  VRE  results  will  be  sent  to  you  on  a  postcard 
which  will  list  the  actual  VRE  items  you  missed.  Go  to  the  VRE  booklet 
and  locate  the  Text  Page  Numbers  for  the  items  missed.  Go  to  the  text  and 
carefully  review  the  areas  covered  by  these  references.  Review  the  entire 
^        VRE  again  before  you  take  the  closed-book  Course  Examination. 


DON'TS: 


errors. 
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Multiple  Choice 


1 


(001)  As  a  supervisor,  your  primary  objective  is  resporisibiliiy  to 


a.  your  unit. 

b.  the  mission. 


c.  your  superiors. 

d.  your  subordinates. 


2.  (003)  "Praise  in  public,  criticize  in  private"  is  a  part  of  what  principle  of  supervision? 

a.  Telling  people  in  advance  about  changes  that  will  affect  them. 

b.  Letting  each  worker  know  how  he  is  getting  along. 

c.  Making  the  best  use  of  each  person's  ability. 

d.  Giving  credit  where  credit  is  due. 

3.  (003)  When  you  review  a  man's  record  in  solving  a  personnel  problem,  you  are 

a.  weighing  and  deciding. 

b.  checking  results. 

c.  getting  the  facts. 

d.  taking  action. 

4.  (004)  Production  controls  include  all  of  the  following  except 

a.  time  budgeting.  c.  management  analysis. 

b.  scheduling  of  work.  d.  mechanical  standards. 


6.  (007)  On-the-job  training  is  conducted 

a.  within  the  unit  where  the  airman  is  assigned. 

b.  at  resident  technical  schools  as  graduate  training. 

c.  in  special  schools  established  by  Hq  USAF. 

d.  solely  through  correspondence  courses  and  group  study  classes. 

7.  (008)  Which  of  the  following  is  the  source  of  authority  estabhshing  the  content  of  technical  training 
courses? 

a.  Specialty  Training  Standard.  c.  Job  Proficiency  Guide. 

b.  Airman  Classification  Manual  d.  Unit  Document  Listing. 

8.  (01 1)  Approximately  what  percent  of  ail  USAF  ground  accidents  result  from  Government  motor 
vehicle  operations? 

a.  10  percent.  c.  30  percent. 

b.  20  percent.  d.  40  percent. 


(005)  Course  3 ABR30334  is 


a.  an  Air  National  Guard  course. 

b.  a  basic  technical  course. 


c. 


a  Reserve  officer  course, 
an  instructor  course. 
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(012)  Which  ot*  (he  tollowing  is  not  a  type  of  fire? 

u.  Type  A.  c.  TypeC. 

b.  Type  B.  d.  Type  D. 

10.    (0!  2)  Soda-acid  fire  extinguishers  have  an  effective  range  of 

a.  40  to  50  feet.  c.  15  to  30  feet. 

b.  30  to  40  feet.  d.  3  to  6  feet. 

J I .    (0 1 3 )  If  you  work  around  radioactive  material  or  materials,  which  of  the  following  is  not  true? 

a.  Wear  protective  clothing. 

b.  Do  not  eat  while  in  the  area. 

c.  Good  hygiene  is  unnecessary. 

d.  Wear  a  film  badge. 

12.  (015)  Which  Air  Force  publication  prescribes  the  forms  to  be  used  for  accident  reporting?  ' 

a.  AFR274.  c.  APR  124-7. 

b.  APR  100-27.  d.  APR  1274. 

13.  (016)  A  tourniquet,  once  applied,  should  be  loosened  only  if 

a.  a  doctor  does  it. 

b.  the  blood  has  stopped  gushing. 

c.  the  wound  is  close  to  the  foot. 

d.  the  patient  is  turning  blue  in  his  face. 

14.  (017)  Artificial  respiration  must  be  applied  if  the  patient 

a.  is  not  breathing.  c.  is  weak  from  loss  of  blood. 

b.  has  been  poisoned.  d.  is  suffering  from  a  back  injury. 

15.  (018)  Which  method  of  artificial  respiration  is  the  most  effective? 

a.  Chest-pressure-arm-lift.  c.  Back-pressure-hip-lift. 

b.  Back-pressure-arm -lift.  d.  Mouth-to-mouth, 

16.  (019)  Concerning  the  mouth-to-mouth  method  of  artificial  respiration,  you  should  force  air  into  the 
victim's  lungs  approximately  how  many  times  per  minute  for  an  adult  and  for  a  child,  respectively? 

a.  8  and  12.  c.  12  and  20. 

b.  16  and  12.  d.  20  and  16. 

1 7.  (020)  An  airman  driving  an  Air  Porce  vehicle  is  safer  than  when  driving  his  personally  owned  automobile 
because 

a.  his  Air  Porce  job  has  built-in  safety  reminders. 

b.  Air  Porce  vehicles  are  in  perfect  mechanical  condition. 

c.  the  Air  Porce  has  special  punishments  for  careless  drivers. 

d.  driving  Air  Porce  vehicles  requires  more  skill  than  driving  private  ones. 
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18.  (022)  Which  of  the  following  is  inciadid  in  preventive  maintenance?  *  ^ 

a.  Inspection  and  installation. 

b.  Inspecting,  cleaning,  and  lubricating  the  equipment. 

c.  Bench  check  of  equipment,  siting,  and  lubrication. 

d.  Climatic  deterioration  prevention  and  periodic  overhaul. 

19.  (023)  Which  of  the  following  abrasives  should  you  use  to  clean  relay  contaas? 

a.  Coarse  sandpaper.  c.  Crocus  cloth. 

b.  Emery  doth.  d.  Sieel  wool. 

20.  (024)  Which  of  the  following  is  not  a  true  statement  about  fungi  ? 

a.  Fungus  is  a  form  of  animal  life  that  feeds  on  paper  and  cotton. 

b.  Fungi  thrive  in  high  humidity. 

c.  Fungus  growth  causes  deterioration  of  insulation. 

d.  Fungi  cause  decay. 

21 .  (025)  Which  of  the  following  is  a  precaution  lo  observe  when  using  an  ohmmeter? 

a.  Remove  any  transistors  that  may  be  damaged  by  the  ohmmeter. 

b.  Apply  low  voltage  only  to  the  circuit. 

c.  Turn  on  the  high  voltage  first. 

d.  Observe  polarity  across  resistances. 

22.  (026)  Which  of  the  following  is  usually  measured  with  a  meter  containing  a  bolometer? 

a.  DC  power.  c.  Percent  ot  modulation. 

b.  AC  power  in  the  audio  range.  d,  UHF  transmitter  output  power. 

23.  (031)  Refer  to  figure  19  of  the  text.  The  primary  of  the  output  transformer  of  stage  2  is  open.  Wluwh 
of  the  following  statements  is  true? 

a.  Tliere  is  no  output  with  a  signal  injected  at  poirvt  A. 

b.  The  output  is  weak  with  ^  signal  injected  at  point  D. 

c.  There  is  no  output  with  a  signal  injected  at  point  F. 

d.  Tlie  output  is  nonna!  from  all  points  of  signal  injection, 

24.  (032)  What  is  the  final  step  in  corrective  maintenance? 

a.  Giving  the  equipment  a  performance  check. 

b.  Isolating  the  trouble  to  a  subsystem. 

c.  Replacmg  the  defective  component. 

d.  Eliminatmg  all  properly  functioning  subsystems. 

25.  (033)  What  type  of  printed  circuit  is  formed  by  indenting  a  met^l  foil  into  an  insulating  base  and 
rennmng  the  unwanted  raised  portion? 

a.  Etched.  c.  Chcnucally  deposited. 

b.  Embossed  foil.*  d.  Electrolytic  indentation. 
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26.    <033-034)  Wluii  wattage  rating  soldering  iron  is  most  appropriate  for  work  with  printed  circuits? 


27.  (034)  An  advantage  of  the  complete  component  replacement  method  of  replacing  components  on  a 
printed-circuit  board,  as  compared  to  the  service  terminal  component  replacement  method,  is  that 
the  former 

a.  can  be  easily  done  by  squadron  maintenance  personnel. 

b.  does  not  require  the  use  of  a  vise  or  heat  sink. 

c.  requires  standard  size  tools  only. 

d.  is  neater  and  more  effective. 

28.  {03b)  You  can  consider  repairing  a  crack  in  a  prinled-circuit  board  when 

a.  the  crack  runs  under  a  conductor. 

b.  the  crack  is  parallel  to  the  mounting  edge  of  the  board. 

c.  the  crack  does  not  start  at  either  of  the  mounting  edges. 

d.  there  are  no  more  than  three  repairable  cracks  on  the  board. 

2^.    (037)  When  replacing  a  transistor,  what  is  the  most  important  thing  lo  remember? 

a.  Not  to  apply  an  e.xcessive  amount  of  heat. 

b.  Not  to  use  any  type  of  pliers  to  hold  or  shape  the  transistor  leads. 

c.  To  leave  all  excess  solder  remaining  on  the  eyelet  to  solder  the  new  component. 

d.  Always  use  a  very  hot  soldering  iron  to  prevent  holding  the  iron  in  place  for  long  intervals. 

30.  (038)  When  working  with  coaxial  cables  used  in  electronic  equipment,  you  should  check  to  be  sure  that 

a.  spot  ties  are  always  used. 

b.  they  are  loosely  bent  to  prevent  damage. 

c.  the  clamps  fit  around  the  cable  tightly. 

d.  ihey  do  not  have  a  bend  radius  of  more  than  six  times  the  cable  diameter. 

3 1 .  (040)  Which  level  of  maintenance  performs  cleaning  where  such  cleaning  does  not  require  disassembly 
of  the  equipment? 

a.  Depot.  c.  Limited. 

b.  Field.  d.  Organizational. 

32.  (041 )  Which  of  the  following  units  collects,  maintains,  and  analyzes  data  relating  to  the  maintenance 
complex? 

a.  Programs  analysis.  c.  Data  control. 

b.  Control  analysis.  d.  Data  surveillance. 

33.  (042)  Which  element  of  maintenance  control  manages  and  controls  those  maintenance  actions 
scheduled  in  the  maintenance  plan  which  change  equipment  or  facility  status? 

a.  Materiel  control  c.  Quality  control. 

b.  Plans  and  scheduling.  d.  Job  control. 


a.  5'W;itl. 
h.  35'watt. 


c.  lOO-watt. 

d.  2S0-wat(. 
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34.  (042)  All  of  the  following  arc  included  in  Quality  Control  except 

a.  Technical  oriier  library.  c.  Deficiency  control. 

b.  Deficiency  analysis.  d.  Standardization  and  evaluation. 

35.  (044)  You  have  discovered  that  Airman  Jones  was  loaned  to  another  work  center  yesterday  for  4  hours, 
but  you  thought  at  the  time  that  he  was  at  the  orderly  room  and  turned  in  an  exception  card  to  reflect 
this  situation.  To  correct  this  erroneous  entry  that  is  charged  to  your  work  center,  you  should  turn  in 
only 

a.  a  transferee  card. 

b.  a  correction  c^fd. 

c.  a  correction  card  and  a  backdated  card. 

d«  another  exception  card  with  the  corrected  information. 

36.  (045)  Which  of  the  following  is  not  a  responsibility  of  Maintenance  Control? 

a.  Act  as  the  critical  item  monitor  for  the  maintenance  complex. 

b.  Provide  the  maintei'tance  input  to  the  programming  function. 

c.  Maintain  liaison  with  the  maintenance  property  custodians. 

d.  Identify  and  verify  not-operaiionally-ready-supply  (NORS)  conditions, 

37.  (046)  Equipment  deficiencies  of  a  routine  nature  are  normally  reported  through  the 

a.  maintenance  data  collection  system. 

b.  USAF  product  improvement  program. 

c.  maintainability  program.  ^ 

d.  reliability  program.  J 

38.  (046)  What  type  of  technical  order  will  direct  the  corrective  action  when  a  condition  exists  that  may 
cause  the  loss  of  an  aircraft? 

a.  Urgent  action.  c«  Routine  action. 

b.  Record  action.  d.  Immediate  action. 

39.  (048)  TO  0- 1  -0 1  is  the  index  to 

a.  Air  Force  NI&RTs.  c.  airborne  electronics  TOs. 

b,  general  aircraft  TOs.  d.  ground  electronics  TOs. 

40.  (048)  TO  0-2-1  provides 

a.  dates  of  all  current  TOs. 

b.  an  alphabetical  list  of  equipment  TOs. 

c.  a  list  of  technical  orders  in  numerical  order. 

d.  an  alphabetical  list  of  commercial  publications, 

41 .  (048  049)  The  procedures  for  distribution  and  storage  of  TOs  is  explained  in 

a.  TO  00-5-1,  c.  TO  0-1 -01. 

b.  TO  00.5-2.  d.  TO  04-1. 
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(049)  Concerning  a  TO  number  composed  of  three  pans  separated  by  dashes,  what  is  true  the  part 
lollowing  the  first  clash? 


a.  it  is  the  subgroup  designator. 

b.  it  is  the  major  group  designator. 

c.  It  is  the  series  number. 

d.  it  is  the  base  number. 


4,v    (050)  ro  deficiencies  are  reported  if 


a.  the  information  in  the  TO  is  incorrect,  to  whatever  degree. 

b.  they  adversely  affect  performance  of  the  mission. 

c.  a  drawing  is  affected. 

d.  a  change  is  impending. 

44.  (0^3)  Which  statement  describes  electrostatic  deflection  in  a  CRT? 

a.  Instantaneous  beam  deflection  toward  the  positive  plate. 

b.  instantaneous  beam  deflection  toward  the  negative  plate. 

c.  Circular  sweep  deflection  caused  by  a  rotating  potential  around  the  deflection  coil. 

d.  Beam  deflection  proportional  in  length  to  the  deflection  voltage  frequency. 

45.  (054)  What  is  the  vertical  deflection  sensitivity  of  an  oscilloscope  if  a  ISO  VDC  applied  to  its  vertical 
defection  plates  deflects  the  spot  3  centimeters? 

a.  0.2-mm/volt.  c.  4.5-mm/volt,* 

b.  0.5-mm/volt.  d,  5-mm/volt. 

46.  (054)  What  is  the  amplitude  of  the  voltage  applied  if  the  spot  is  deflected  2.5  inches  on  an 
oscilloscope  that  has  a  deflection  factor  of  50  VDC/inch? 

a.  0.05  volt.  c.  20  volts. 

b.  12.5  volts.  •  d.  125  volts. 

47.  (055)  What  is  usually  the  output  of  the  low-voltage  power  supply  of  an  oscilloscope? 

a.  Over  1 000  volts,  c.  Between  250  volts  and  400  volts. 

b.  Between  500  volts  and  750  volts,  d.  Less  than  200  volts. 

48.  (055)  To  obtain  full-scale  deflection  on  a  cathode-ray  tube,  how  much  internal  voltage  is  applied  by  the 
vertical  and  horizontal  ampliflers  to  the  deflection  plates? 

a.  Several  millivolts.  c.  Several  hundred  volts. 

b.  Several  volts.  d.  Several  thousand  volts. 

4*>.    (056  057)  A  portion  of  a  test  signal  is  applied  to  the  grid  of  the  thyratron  within  an  oscilloscope  to 
obtain 

a.  focus.  c.  synchronization, 

h.  miensity  control.  d.  positioning. 
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50.    (057)  A  thyratron  sweep  generator  operates  in  what  mode  of  operaiion? 

a.  One-shot.  Tiiggered. 

b.  Blocked.  d.  Free-running. 

5  \ .    (059)  What  is  the  distinguishing  feature  of  a  synchroscope? 

a.  Its  triggered  sweep. 

b.  Its  voltage  calibrator. 

c.  Its  marker  generator. 

d.  Its  sweep  calibrator. 

52.  (06! )  Which  of  the  following  are  least  affected  by  the  retrace  time  of  an  oscilloscope? 

a.  Sine  waves.  c.  High-frequency  waveforms. 

b.  Square  waves.  d.  Low-frequency  waveforms. 

53.  (06! )  Wliat  is  the  purpose  of  the  blanking  pulse  and  to  what  CRT  element  is  it  applied? 

a.  It  is  applied  to  the  cathode  and  drives  it  to  cutoff  during  retrace  time. 

b.  It  is  applied  to  the  control  grid  and  drives  it  to  cutoff  during  retrace  time. 

c.  It  is  applied  to  the  cathode  and  holds  it  at  cutoff  during  equipment  warmup. 

d.  It  is  applied  to  the  control  grid  and  holds  it  at  cutoff  during  equipment  warmup.. 

54.  (063)  What  two  oscilloscope  controls  interact  to  the  e.xtent  that  an  adjustment  of  one  usually  requires 
an  adjustment  of  the  other? 

a.  Focus  and  intensity.  c.  Gain  and  positioning. 

b.  "Focus  and  positioning.  d.  Frequency  and  gain. 

55.  (064)  The  optimum  height-to-widih  ratio  for  general-purpose  waveform  displays  is  approximately 

a.  l:2or2:l.  c.  ::3or4:5. 

b.  2:1  or  2:3.  d.  4:5  or  5:4. 

56.  (065)  The  controls  that  are  used  to  shift  the  entire  CRT  display  to  any  desired  portion  of  the  viewing 
area  are  liie  ...  ~ 

a.  centering  controls.  *  c.  positioning  controls. 

b.  deflection  controls.  d.  displacemeni  controls. 

57.  (066)  What  is  the  frequency  of  the  time-base  generator  if  five  complete  cycles  of  a  25-kHz  test  signal 
are  displayed  on  the  scope? 

a.  2.5  kHz.  c.  30  kHz. 

b.  5  kHz.  d.  125  kHz. 

5H.    (067)  The  purpose  of  the  synchronizing  control  is  to 


a.  apply  a  poriioitof  the  vertical  signal  to  tlie  sweep  circuit. 

b.  apply  a  portion  of  the  horizontal  signal  to  the  sweep  circuit. 

c.  adjust  the  amplitude  of  the  sweep  signal. 

d.  adjust  the  frequency  of  the  sweep  signal. 
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59.    {069)  To  produce  markers  by  intensity  modulation,  the  marker  signal  is  fed  to  the 

a.  vertical  input.  c.  sync  input. 

b.  horizontal  input.  d.  Z-axis  input. 

f>0.    (069-070)  A  series  iif  p»>siiive  gt)in^  marker  pulses  applied  to  the  cathode  of  a  CRT  will  appear  in  the 
tijcc  as 

a.  briglii  spots.  c.  positive-going  pulses, 

h.  dark  spots.  d.  negative-going  pulses. 

61.  (07 1 )  Which  of  the  following  does  not  cause  a  *'grass'*  display? 

a.  A  bad  input  potentiometer.  c.  Poor  input  connections. 

b.  Microphonic  amplifier  lubes.  d.  A  faulty  intensity  control. 

62.  (075)  Which  of  the  following  best  describes  how  the  sweep  generator  of  the  585A  oscilloscope  is 
triggered  when  operating  in  its  internal  triggering  mode? 

a.  A  sample  of  the  vertical  signal  is  fed  to  the  sweep  generator  as  a  trigger  signal. 

b.  A  6.3-volt  filament  signal  is  fed  to  a  trigger  generator  circuit  which,  in  turn,  produces  a  sweep 
generator  trigger. 

c.  A  sample  of  the  vertical  signal  is  fed  to  the  trigger  generator  which,  in  turn,  develops  a  sweep 
generator  trigger. 

d.  A  6.3-volt  filament  signal  is  used  to  trigger  the  sweep  generator  via  a  differentiating  network, 

63.  (077)  An  important  point  to  remember  about  the  TIME  PER  CENTIMETER  control  of  an 
oscilloscope  is  that  it 

a.  varies  the  rate  of  charge  of  the  sawtooth  sweep  generator,  not  the  amplitude  of  the  output  voltage. 

b.  varies  the  amplitude  of  the  sawtooth  sweep  generator  output  voltage,  not  the  rate  of  charge. 

c.  causes  the  holdoff  circuit  to  trigger  a  horizontal  sweep  voltage. 

d.  triggers  the  sweep  multivibrator  to  the  rest  position  after  each  horizontal  sweep. 

Spec  ial  Situation.  Questions  64  through  67.  The  controls  on  a  Tektronix  585 A  (sec  figure  54  of  the  test)  are 
set  as  follows: 


**A'*  TRIGGERING  SOURCE 
•A  '  TRIGGERING  SLOPE 
"A"  TRIGGERING  LEVEL 
*A  •  TIME/CM 
HORIZONTAL  DISPLAY 
"A"  STABILITY 


INTERNAL 

POSITIVE 

0 

SO  ^sec 
"A" 

clockwise  until  the  sweep  appears  and  then 
counterclockwise  until  it  just  disappears. 


64.    (075*077)  The  triggering  source  switch  is  switched  to  the  EXTERNAL  position  and  two  related  signals 
are  applied-one  to  the  VERTICAL  INPUT  jack  and  one  to  the  TRIGGER  INPUT  jack.  This  results  in 

a.  an  unsynchronized  display. 

b.  no  display. 

c.  a  sweep  starting  when  the  vertical  input  passes  through  0  in  the  positive  direction. 

d.  a  sweep  starting  when  the  trigger  input  passes  through  0  in  the  positive  direction. 
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65.  (078)  When  a  signal  is  cpniied  to  the  VERm  M  INPLT  jack  wnh  "A  *  TRIGGHRING  SOL  :U  l.on 

INTERNAL,  a  display  is  obtained.  Where  does  this  display  start'?  - 

a.  At  0  and  goes  negative. 

b.  At  0  and  goes  positive. 

c.  At  maximum  positive  and  goes  negative. 

d.  At  ma.Kimum  negative  and  goes  positive. 

66.  (079)  A  signal  of  unknown  frequency  is  applied  and  2' 2  cycles  are  displayeii,  W'hai  is  the  signal  Ircijiicncy  ' 

a.  5  kHz.  c.  50  kHz. 

b.  10  kHz.  d.  100  kHz. 

67.  (079)  A  40-kHz  signal  is  applied  as  a  vertical  input.  How  many  cycles  are  displayed? 

a.  Vi.  c.  20. 

b.  2.  d.  40. 

Special  Situation.  Questions  68  through  71 .  The  Tektronix  585 A  (refer  to  figure  54  of  the  text)  is  set  up  as 
follows: 

HORIZONTAL  DISPLAY  switch  -  "B" 

•*B"  TRIGGERING  SOURCE  -  INTERNAL 

"B"  TRIGGERING  SLOPE  •  (- )  NEGATIVE 

"B"  TRIGGERING  LEVEL  -  (0)  ZERO 

**B"  STABILITY  -  set  for  triggered  operation 

"B"  TIME/CM  -0.2  ms  "\ 

'*A'' STABILITY  -  fully  CW  (free-running  position)  ^ 

"A"  TIME/CM  -0.1ms 
A  5-kHz  square  wave  is  applied  to  the  VERTICAL  INPUT  jack. 
DELAY-TIME  MULTIPLIER  -  5 .0 

68.  (078-080)  With  the  stated  conditions,  which  of  the  following  best  describes  the  display  obtained? 

a.  A  10-cycle  display  of  uniform  intensity. 

b.  A  1  cycle  display  of  uniform  intensity. 

c.  A  10-cycle  display  with  the  last  5  cycles  intensified. 

d.  A  1-cycle  display  with  the  positive  alternation  intensified. 

69.  (080-083)  Which  of  the  following  best  describes  the  display  obtained  when  the  HORIZONTAL  DISPLAY 
switch  is  placed  in  the  "B"  INTENSIFIED  BY  "A"  position? 

a.  A  5-cycle  intensified  trace. 

b.  A  5-cycle  trace  of  normal  intensity. 

c.  A  10-cycle  trace  of  normal  intensity. 

d.  A  lO'CycIe  trace  with  the  last  5  cycles  intensified. 
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(080-083)  How  must  the  controls  be  set  to  present  a  10-cycle  display  with  the  second  cycle  intensified? 


a.  HORIZONTAL  DISPLAY  to  '  B  '  INTENSIFIED  BY  "A."  "B'*  TIME/CM  to  O.S  millisecond,  and 
DELAY  TIME  MULTIPLIER  to  1 .0. 

b.  "B"  TIME/CM  to  0.5  ms,  "A"  TlME/CM  to  20  /usee,  and  the  DELAY-TIME  MULTIPLIER  to  1 .0. 
J.  HORIZONTAL  DISPLAY  to  'A"  DELAYED  BY  ^S;'  **A  '  TIME/CM  to  20  iusec,  and 

DELAY-TIME  MULTIPLIER  to  2.0. 
d.  HORIZONTAL  DISPLAY  to  ''B"  INTENSIFIED  BY  "A."  "A**  TIME/CM  to  20  iusec,  and 
DELAY-TIME  MULTIPLIER  TO  1.0. 

71 .  (084)  Which  of  the  following  best  describes  the  display  obtained  when  the  HORIZONTAL  DISPLAY 
switch  is  placed  in  the  ''A"  DELAYED  BY  **B"  position? 

a.  A  lO'Cycle  trace  with  the  last  5  cycles  intensified. 

b.  A  10-cycle  normal  intensity  trace. 

c.  A  S -cycle  normal  intensity  trace. 

d.  A  5'Cycle  intensified  trace. 

72.  (08 1 )  When  operating  the  Tektronix  585A  in  the  **B"  INTENSIFIED  BY  "A"  sweep  function,  how  is 
unblanking  accomplished? 

a.  By  the  A  sweep  unblanking  pulse  only. 

b.  By  the  B  sweep  unblanking  pulse  only. 

c.  By  both  the  A  and  B  sweep  unblanking  pulses. 

d.  By  the  A  sawtooth  sweep  voltage. 

73.  (083)  When  operating  the  585A  oscilloscope,  how  is  the  sweep  trigger  initialed  when  the  HORIZONTAL 
DISPLAY  SWITCH  is  in  the  "A"  SINGLE  SWEEP  position? 

a.  The  B  sweep  sawtooth  is  fed  to  a  pickoff  circuit  which,  in  turn,  develops  an  A  sweep  trigger. 

b.  An  external  trigger  input  is  fed  directly  to  the  A  sweep  generator. 

c.  The  sweep  trigger  is  produced  by  depressing  the  RESET  button. 

d.  The  sweep  trigger  is  produced  by  the  A  trigger  generator. 

74.  (085  086)  When  checking  the  phase  relationship  of  two  signals  by  using  Lissajous  patterns,  you  should 
always 

a.  set  the  amplitude  of  both  input  signals  so  that  each  signal  gives  the  sarne  amount  of  vertical  detlection. 

b.  set  Che  vertical  horizontal  input  attenuation  for  equal  horizontal  and  vertical  deflection. 

c.  use  one  signal  to  trigger  the  A  sweep  and  the  other  signal  to  trigger  the  B  sweep. 

d.  use  an  external  trigger  of  known  relationship  to  the  signals  under  test. 

75.  (087)  Refer  to  figure  54  of  the  text.  Concerning  the  dual-trace  plug-in  unit,  when  the  INPUT  selector 
switch  is  in  the  AC  position,  which  choice  is  correct? 

a.  The  DC  reference  level  of  AC  signals  may  be  checked. 

b .  A  capacitor  is  placed  in  series  with  the  INPUT  jack. 

c.  The  Input  signal Js  amplified  and  fed  to  the  horizontal  plates. 

d.  The  INPUT  jack  is  connected  to  the  primary  of  an  isolating  transformer. 


166 


76. 


(()o0.090»  Two  calibraiion  checks  frequently  perlonned  on  an  osciiloscope  are 


a.  sweep  aniplitude  and  astigmatism. 

b.  vertical  input  and  attenuator  probe. 

c.  volts  per  centimeter  and  astigmatism. 

d.  vults  per  centimeter  and  attenuator  probe. 

77.  (090)  A  10: 1  attenuator  probe  is  connected  between  the  CAL  OUT  jack  and  the  *'A"  VERTICAL  INPUT 
jack  (refer  to  figure  65  of  the  text).  The  amplitude  calibrator  control  is  set  to  its  2-volt  position  and  ihc 
**A''  VOLTS/CM  control  is  set  to  0.5  volt.  The  *'A"  INPUT  controUs  in  the  AC  position  and  the  MODE, 
control  IS  set  to  **A'*  only.  How  many  centimeters  should  the  signal  occupy  vertically? 

a.  4.0.  c.  0.4. 

b.  2.5.  d.  0.25. 

78.  (002)  When  using  a  higlvvoltage  probe  with  a  VOM. 

a.  a  multiplier  resistor  is  unnecessary. 

b.  the  multiplier  resistor  is  of  low  value. 

c.  the  input  resistance  is  constant. 

d.  the  multiplying  factor  changes  with  the  range  used. 

79.  (093)  What  is  the  maximum  voltage  rating  of  most  scope  input  terminals? 

a.  400  volts.  c.  800  volts. 

b.  600  volts.  d.  1000  vclrs. 

80.  (094-095)  Refer  to  figure  77,Bf  of  the  text.  A  capaciiive  voltage  divider  consisting  of  a  240-  ppf  and  a 
60-  ppf  capacitor  has  100  volts  as  its  input,  if  the  output  is  taken  across  the  240* ppf  capacitor,  what 
is  the  step-down  ration  of  the  voltage  divider? 

a.  5:1.  c.  4:1. 


81.  (095)  in  order  that  the  higlvvoltage  capacitance  divider  probe  not  load  the  circuit  under  test,  the  input 
of  the  probe  must  contain 

a.  an  extremely  high  impedance. 

b.  a  very  large  capacitance. 

c.  an  extremely  low  impedance. 

d.  a  high-resistance  shunt. 

82.  (096)  W'hen  using  a  scope  to  perform  high-frequency  circuitry  tests,  capacitive  loading  of  the  circuit 
under  test  is  virtually  ehminated  by 

a.  ehmination  of  cable  shielding. 

b.  using  a  high-resistance  isolation  probe. 

c.  adding  scries  inductance  to  cancel  the  capacitive  reactance. 

d.  detuning  the  circuit  under  test  until  after  the  DC  measurements  have  been  made. 


b.  5:2. 


d.  3:1. 
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s.>.    ((NS>  To  have  suHicient  deflection  for  a  good  display,  a  high-voltage  probe  should  not  reduce  the  test 
Mgnal  helow  approximately 

a.  5  viUis.  c.  0.5  volts." 

b.  I  volt.  d.  0.1  volt. 

H4.    n00>  The  accuracy  of  the  electrodynamic  wattmeter  is  seriously  affected  by  current  exceeding 

a.  amperes.  c.  20  amperes. 

b.  10  amperes.  d.  50  amperes. 

H5.    i]00)  Above  what  frequency  does  the  accuracy  of  an  electrodynamic  wattmeter  decrease  considerably? 

a.  60  Hz.  c.  500  Hz. 

b.  200  Hz.  d.  1000  Hz. 

86.    ( 101 )  In  what  type  meters  are  thermistors  commonly  used  for  the  measurement  of  low  power  at  high 
frequencies? 

a.  Wattmeters.  c.  Calorimeters. 

b.  Bolometers.  d.  Wavemeters. 

87     1103)  The  reaction  wavemeter  is  preferred  for  measuring 

a.  frequencies  at  low-power  levels. 

b.  frequencies  at  high-power  levels. 

c.  power  at  high  frequencies. 

d.  power  at  low  frequencies. 

S8.    ( 104-105)  What  instrument  can  be  used  to  determine  frequency  of  a  tuned  circuit  before  power  is  applied 
to  the  circuit? 

a.  Absorption  wavemeter.        '  c.  Grid*dip  meter. 

b.  Reaction  wavemeter.  d.  Q-meter. 

S<->.    ( 105)  Which  of  the  following  is  a  precision  instrument  which  uses  a  calibrated  variable-frequency 
oscillator? 

a.  Electronic  voltmeter. 

b.  Heterodyne-frequency  meter. 

c.  Absorption  wavemeter. 

d.  FKixmeter. 

*>0.    ( 106)  What  circuit  is  usually  employed  at  the  variable-frequency  oscillator  of  a  heterodyne-frequency 
meter? 

a.  Crystal  oscillator.  c.  Hartley  oscillator. 

b.  Colpitis  oscillator.  d.  Electron-coupled  oscillator. 
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91 .  (108)  Wlut  is  ihe  function  of  a  SchnjitI  trigge;  ciicuit  in  a  frequency  counter? 

^^'<^"  c.  Reset, 

b.  Multiplier.  d  Squarer. 

92.  .( 1 J  I)  In  which  section  of  a  frequency  counter  are  you  li.kely  to  find  a  thyratron  tube? 

Gate.  c.  Inpu, 

d.  Display. 

93.  ( 11 2)  If  the  counting  time  of  a  frequency  counter  is  0.01  second  and  the  five-digit  readout  is  05783 
what  is  the  frequency  under  test? 

a.  57.83  Hz.  ^  57  830  Hz. 

b.  578.3  Hz.  jj  578^00  Hz. 

94.  ( 1 1 2- 1 1 3)  How  can  the  ratio  of  two  frequencies  be  determined  using  a  frequency  counter? 

a.  Use  the  higher  frequency  as  the  gating  signal  and  the  lower  frequency  as  the  input  signal 

b.  Use  the  lower  trequency  as  the  gating  signal  and  the  higher  frequency  as  the  input  signal 

c.  Start  the  timing  gate  with  the  lower  frequency  signal  and  stop  it  with  the  higher  frequency  signal. 

d.  rake  two  readout  readings  and  divide  the  higher  by  the  lower. 

95.  (11 3)  What  type  of  AM  is  most  often  used  with  LC  oscillators  of  signal  generators? 

a-  P"lse-  c.  Sinusoidal. 

Gated.  j  Square  wave. 

96.  (114)  What  technical  order  lists  all  test  equipment  in  tlie  Air  Force  inventory  and  tells  who  is 
responsible  for  its  calibration? 

a.  TO  0-1.33.  c.  TO  31-1-141. 

b.  TO  33-1-14.  d.  TO33K-1-100. 

97.  (116)  Which  choice  is  correct  concerning  the  emission-type  tube  tester? 

a.  It  checks  only  the  plate  current  developed. 

b.  Ft  test  the  100-percent  emission  point. 

c.  It  shows  the  ability  of  the  grid  to  control  current. 

d.  It  indicates  conclusively  the  condition  of  a  tube. 

98.  (1 J  7)  A  voltage  or  power-amplifier  tube  is  considered  defective  when  its  transconductance  decreases  to 
what  percent  of  specified  value? 

a.  50  percent.  c.  70  percent. 

b.  60  percent.  d.  80  percent. 

99.  (118-119)  By  increasing  the  sensitivity  of  the  indicating  device,  a  tube  tester  designed  to  test  for  short 
circuits  may  be  used  to  test  for 

a.  transconductance.  c.  gassy  conditions. 

b.  low  emission.  d.  microphonics. 
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100.  ( I        .iihcKle  }c:ikay;c  cuuseU  by  particle  breakage  will 


;t   no)  in:i(cria!ly  ;iitcct  the  tube's  operation. 

b.  cause  nncniplionic  noi.sc 

c.  citinpleteiy  short  the  catiu)de. 

d.  burn  out  the  t'iiament. 

tOI .  (1 2\})  The  liiament  activity  test. is  based  on  the  principle  that  no  appreciable  decrease  in  emission  of  an 
electron  lube  will  be  caused  by  decreasing  its  rated  heater  voltage  by  what  percent? 

a  ^.  c.  IS. 

b.  10.  d.  20. 

lO:   I!  :i)  Refer  to  figures  1 13  and  1 14  of  the  text.  The  action  of  which  listed  component  shown  in  figure 
1 13  is  primarily  responsible  for  the  combination  of  the  individual  traces  shown  in  figure  1 14  into  the 
seemingly  composite  trace  shown  in  figure  1 14.C? 

a.  SI.  c.  S3. 

b.  s:.  d.  Kl. 

103.  ( 1 23)  What  is  the  leakage  current  flow  between  collector  and  base  sometimes  referred  to  as? 

a.  Collector  cutoff  current.  c.  Zener  current. 

b.  Puncli-througli  current.  d.  Input  base  current. 

104.  ( 1 24)  How  many  hybrid  parameters  are  there  for  a  transistor  in  any  one  configuration? 

a.  3.  c.  12. 

b.  4.  d.  15. . 

105.  1 124)  If  a  transistor  has  its  hf^  =  49.  what  is  its  common  base  forward  current  gain? 

a.  50.  c.  1.02. 

b.  49.  d.  0.98. 

1 06.  (125)  Refer  to  figure  1 24  of  the  text.  Which  choice  is  correct  concerning  meter  M  when  the  selector 
i.s  in  position  2? 

a.  Reads  the  current  througli  Rl . 

b.  Reads  the  voltage  supplied  by  G2. 

c.  Reads  the  voltage  drop  across  Rl . 

d.  Connected  between  the  emitter  and  ground. 
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THIS  COURSE  consists  of  three  volumes.  It  is  designed  to  further  your  train- 
ing toward  the  achievement  of  S*  and  7-Ievel  proficiency.  If  you  are  training 
to  attain  a  S  skill  level,  ycu  should  complete  CDC  30000  in  addition  to  this 
couxse.  If  you  arc  training  to  attain  a  7  skill  level,  you  should  complete  CDC 
30001  in  addition  to  this  course.  We  bring  this  to  your  attention  because  CDC 
304SS  is  a  TV  specialty  course.  It  does  not  cover  JTS  items  that  are  common 
to  other  30  career  field  specialties.  Such  items  are  contained  in  CDC  30000  and 
CDC  30001  for  S*  and  7*skill-level  training,  respectively.  Although  all  the  other 
JTS  items  are  covered  in  this  course,  you  must  realize  that  some  JTS  knowledge 
requirements  will  be  met  fully  when  you  have  acquired  the  related  proficiency  on 
specific  equipments.  Our  treatment  endeavors  to  give  you  knowledge  so  that  you 
can  more  readily  understand  the  principles  that  underlie  the  operation  of  TV 
equipments.  This  knowledge  will  facilitate  further  training  on  TV  equipments 
and  better  enable  you  to  cope  with  TV  maintenance  problems. 

Chapter  1  deals  principally  with  the  prime  equipments  that  make  up  a  TV 
system.  However,  we  discuss  first  your  specialty  in  a  general  manner  by  identify- 
ing S-  and  7-skill*level  responsibilities,  citifying  systems,  and  describing  Air 
Force  applications  of  television.  Chapter  2  coven  all  types  of  TV  power  supplies 
to  preclude  unnecessary  repetition  in  the  chapters  that  follow.  In  chapter  3  we 
progress  from  the  simple  noninterlace  sync  generator  to  the  more  complex  interlace 
types.  The  units  of  a  camera  chain  are  functionally  analyzed  in  chapter  4.  Chapter 
5  coven  the  various  types  of  moniton  employed  in  a  TV  sj^tem.  Microphones, 
audio  amplifien,  and  audio  consoles  are  discussed  in  chapter  6.  Our  final  chapter 
is  devoted  to  color  TV.  We  point  out  the  special  requirements  of  the  standard 
color  TV  system  and  describe  the  equipments  peculiar  to  this  system. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of 
this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen 
(TSOC),  Keesler  AFB,  MS  39534. 

If  you  have  questions  on  coune  enrollment  or  administration,  or  on  any  of 
ECTs  instructional  aids  (Your  Key  to  Career  Development,  Study  Reference 
Guides,  Chapter  Review  Exercises,  Volume  Review  Exercise,  and  Coune  Exami- 
nation), consult  your  education  officer,  training  officer,  or  NCO,  as  appropriate. 
If  he  can't  answer  your  questions,  send  them  to  ECI,  Gunter  AFB,  Alabama 
36114,  preferably  on  ECI  Form  17,  Student  Request  for  Assistance. 

This  volume  is  valued  at  39  houn  (13  points). 
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l*;iuc  HI.  p.ir.  2.  line  V  Delete  "clM'^sifyini:  sys 
icms  '* 

l*:icc  tit.  par.  .V  I  kick'  .uui  icphtcc  uilli  (lie 
iulUAvtny  two  parjur^jphs 

*lt  you  li;ivc  qiiCNiitxiv  on  ihc  :icciiracy  i>r 
1  iiiicncy  of  ihc  sul>jcci  mailer  i>l  litis  lexi.  or 
K-coiuiiierulalions  Uw  its  iiiiprovcniCMl.  ^onil  ihefii 
i.»  leeh   lii.u  Cen  MSOc  ).  Kecsler  AFB.  MS 

h  ytut  have  qiie>iu>ns  on  ei>urse  cnrollnieni 
<'r  ailininisiralioit.  or  on  anv  nC  Ts  insirue- 
liiMial  aitls  (Your  Ke>  !•>  Career  Developmcni. 
Study  Uefcrence  (iuiiljs.  Citapier  Review  Exer- 
cises. Volume  Review  fxereise.  and  Course  E.x- 
aniinati4>n  eonsuli  votir  education  officer,  train- 
ing i>fficcr.  or  N(  ().  .i>  appropriate.  If  ho  can'i 
jtnsuer  yi>ur  i|ucsiions.  send  them  to  ECI. 
Ciunier  Al  ».  AL.  .^0114.  preferably  on  ECI 
I  i>rm  17.  Sludent  Retjuest  for  .Assistance." 

Page  1.  inlro..  line  li.  Change  "eilucaion''  lu 
"education.**^ 

Page  I.  par.  1-3.  lines  5  and  6.  Change  "pro- 
iluring  *  lo  **pn>ducing/' 

Page  2.  par.  1-7.  line  I.  Change  'Job  Train- 
ing Standard  ( JTS)  *  tt>  "Speeialtv  Training  Stand- 
ard (SrS).*' 

Page  par.  1-7.  line  4.  Change  "JTS"  to 
•  STS.  *  Line  11.  Change  "J'l  S"'  tu^-STS.  "  Par. 

1-  y.  line  :  Change  J  I  S  ^  to  "STS.  '  Line  4 
C  hange  -JTS*  to  '  SIS."  Lines  5  through  9, 
Delete   sentence    beginning:    "Also    note  that 

Page  4.  Delete  figure  2. 

Pages  4  and  5.  Delete  paragraphs  1-16 
through  1-20. 

Page  5.  2-1.  Delete  the  second  sentence. 
Pates  5  anil  6.  Dekie  paragraphs  2-2  through 

2-  6. 

Page  6.  par.  2-7.  line  5.  Insert  "Department 
oi  Defense  *  before  •*DOD**  anil  enclose  DOD  in 
parentheses. 

Page  7.  Delete  paragraph  2-10. 

Page  7.  Delete  figure  5. 

Page  11.  ci»l.  I.  line  11,  Change  "planned" 
u>  ••panneil.** 

In  Section  2.  reiiuinlvr  paragraphs. 

Page  IX.  5-2.  line  7.  C  hange  ''frequence**  to 
•frequency.** 

Page  21.  par.  5-14.  line  7.  Insert  *-regulatcir 
between  *'lhc**  anil  "voltage." 

Par,  5-15.  line  <>.  After  "accordingly.*"  insert 
"the  clianee  in  base  current.** 

Page  22.  par.  5-l(>.  line  I.  Insert  "unregulated 
\oli.ige**  between  *  if*'  and  *  V'u.** 

Page  24.  par.  5-3(1.  Delete  The*'  on  line  14 
and  delete  lines  15  thrtiugh  31.  Replace  with  the 
lolK^vvIng-  Transisior  CJ3  anil  the  base  circuit  of 
04  are^the  collector  lt)ad  of  02.  03  is  a  high 
iMipedance  lo  a-c.  but  a  low  impedance  to  d-e. 


thus  allowing  the  desired  d-c  current  through 
C^2.  The  capaciim  prevents  spurious  liigh-frc- 
i|ucncy  i>sciilaiio4is.  /cMer  Z2  establishes  the  ref- 
erence l\>r  (^3.  and  amplifier  operation  is  ad- 
jusieil  to  the  optimum  condition  with  the  variable 
emitter  resistor.  .Any  change  in  02  colleclnr  cur- 
rent will  be  felt  on  the  base  of  04.** 

Page  25.  par.  5-33.  line  7.  Delete  the  sentence 
beginning:  "The  cucuit  containing  03  .  .  .  .** 

Page  25.  par.  5-33.  lines  II  and  12.  Insert 
••emitter  follower'*  between  "of**  and  "04." 

Page  2S,  Paragraph  now  numbered  "5-4 1  *' 
should  be  "5-44.  "  Change  the  first  sentence  to 
read:  "'rhe  symptoms  just  mentioned  for  the 
open-circuited  recti! ier  are  the  same  for  a  short- 
circuited  rectifier.'* 

Page  29.  par.  6-8.  last  line.  Change  "and"  to 
"to  ,*' 

Page  33;  par.  6-30.  Delete  last  sentence  and 
replace  with:  "However.  HV  rectifier  filaments 
will  not  normally  be  visible.*' 

Page  70.  par.  12-14.  Change  this  paragraph  to 

read: 

12-14.  Sync  section.  The  signal  at  TP3  should 
have  the  same  waveform  as  shown  at  TP  I.  This 
signal  is  cupacitively  coupled  into  the  sync  sepa* 
rator  stage  03.  03  has  no  fixed  forward  bias 
and  is  cutofL  Only  the  most  negative  or  sync 
poition  of  the  input  composite  signal  provides 
forward  bias  and  drives  Q3  into  conduction. 
Thus,  only  the  snyc  signals  are  amplified  and  ap- 
pear as  positive  pulses  at  TP4. 

Page  82.  par.  14-18.  line  9.  Change  "velocity  ' 
to  "dynaniic.*" 

Page  93.  par.  16-6.  line  3.  Delete  the  sentence 
beginning  "In  the  amplifier  circuits.  .  . 

Page  95.  par.  16-19,  line  4.  After  "attenuator,*' 
delete  "is.  as  you  already  know,  nothing  more 
than  a  gain  control;  therefore,  it." 

Page  105.  par.  18-26,  last  sentence.  Delete 
-TO  3 154-1-1 A  and." 

Page  !I5.  col.  I.  line  I.  Add  "hundred"  be- 
tween "several"  and  "thousand.*' 

Workbook 

Chapter  Review  E.xercises 

Page  2.  item  2.  Change  "JTS"  to  "STS," 
Page  2.  Delete  items  7.  8,  9,  and  10. 
Page  3.  Delete  items  II.  12.  13.  14  and  19. 
Page  3.  Delete  item  16.  Change  "CDA"  to 
DCA.*- 
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MODIFICATIONS 

{^I^^^CD^  J  °^  this  publication  has  (have)  been  deleted  in 

adapting  this  material  for  inclusion  in  the  "Trial  Implenlentation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  in  vocational  and  technical  education. 
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CHAPTIR  2 
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Power  Supplies 


SUPPLYING  THE  proper  amount  and  kind 
of  power  to  electronic  equipment  is  of  the  ut- 
most importance.  A  faulty  power  supply  will 
cause  maJfunctions  that  may  seriously  impair  the 
performance  of  a  TV  system.  It  is  therefore  im- 
perative for  you  to  thoroughly  understand  the 
principles  that  underlie  the  operation  of  power 
supplies  used  for  TV.  In  this  chapter  we  will 
discuss  various  types  of  low*voltage  and  high- 
voltage  power  supplies  found  in  both  transmitting 
and  receiving  equipments.  Significant  differences 
in  rectifier  outputs  will  be  brought  to  your  atten- 
tion. Regulator  circuits  incorporating  solid-state 
devices  will  be  analyzed  to  further  your  under- 
standing of  these  devices  and  also  to  review  prin- 
ciples applicable  to  electron  tube  regulators.  For 
practice  in  diagnosing  troubles,  we  will  present 
symptoms  and  then  proceed  to  determine  the 
probable  trouble. 

4.  Powr  ll«quir«fn«nls 

4-1.  Most  television  equipments  you  will  en- 
counter are  designed  to  operate  on  llS-volt  and 
60-cycle  power.  Line  voltage  variations  of  rblO 
percent  are  generally  tolerable.  Such  power  is 
available  from  local  electric  companies.  In  lo- 
calities where  only  higher  voltages  are  provided, 
stepdown  transformers  can  be  installed.  Where 
no  commercial  source  of  primary  power  can  be 
had,  it  is  necessary  to  resort  to  an  engine-driven 
generator.  Generator  units  ranging  from  3  to  15 
kw  are  employed  for  television  service.  Since 
these  units  do  not  accurately  maintain  60  cps, 
you  need  bear  in  mind  that  synchronization  prob- 
lems may  occur  unless  the  sync  generator  is  crys- 
tal controlled.  Crystal  control  is  also  needed  if 
the  power  is  SO  cps  instead  of  60  cps.  This  will 
be  discussed  further  in  later  chapters. 

4-2.  These  and  other  sources  of  primary 
power  (such  as  atomic-driven  generators)  are 
a-c,  but  we  know  that  the  bulk  of  the  power 
required  is  d-c.  Although  d-c  can  be  generated 
directly  in  many  ways,  rectification  of  a-c  is  the 


most  practical  means  of  obtaining  the  amounts 
needed  to  operate  TV  equipments.  A-c  to  d-c 
power  supplies  also  filter  and  regulate  (if  re- 
quired) to  provide  the  various  d-c  voltages  and 
currents  needed.  From  here  on  when  we  speak 
of  a  power  supply,  we  whU  mean  a  unit  that 
converts  a-c  to  d-c  power.  It  may  or  may  not 
have  a  transformer  input  designed  for  a  single- 
phase  or  polyphase  line.  It  must  have  rectifiers 
and  components  for  filtering  the  ripple  to  an 
acceptable  level.  In  addition,  for  hi^y  stable 
outputs,  it  will  have  a  regulator.  By  presenting 
the  various  type^  of  power  supplies  used  in  TV 
equipments  at  the  outset  of  this  course,  we  will 
avoid  unnecessary  repetition  in  later  chapters. 

4-3.  From  your  experience  and  training  you 
are  aware  that  power  supplies  differ  considerably 
in  design  and  capacity.  The  power  supplies 
needed  in  a  TV  system  depend  upon  the  types 
of  equipment  (camera,  sync  generator,  monitor, 
etc),  the  complexity  of  the  equipment,  and  tfie 
components  contained  within  a  particular  equip- 
ment. There  are  noteworthy  differences  due  to 
the  requirements  peculiar  to  tubes,  transistors, 
or  other  active  components. 

4-4.  Tubes  and  transistors  are  used  exten- 
sively in  the  many  types  of  equipments  that  you 
will  maintain.  Generally  speaking,  tubes  and 
transistora  must  be  supplied  well-regulated  d-c 
voltages.  As  you  know,  receiver-type  electron 
tubes  commonly  operate  with  voltages  from 
about  100  to  300  volts,  and  transmitting  types 
may  be  designed  for  plate  voltages  of  1,000  volts 
or  more.  By  contrast,  transistors  ordinarily  re- 
quire only  S  to  20  volts;  in  fact,  some  operate 
at  a  fraction  of  a  volt.  Although  transiston  often 
draw  as  much  current  as  electron  tubes,  they 
require  far  less  power  because  of  their  low  op- 
erating voltage.  Furthermore,  transistors  and 
other  solid-state  devices  do  not  consume  power 
for  emission  as  do  thermionic  tubes.  You  would 
therefore  expect  to  find  marked  differences  be- 
tween d-c  power  supplies  designed  for  tubes  and 
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Figure  9.    Basic  rectifier  circuits. 


those  designed  for  solid-slate  devices.  These  dif- 
ferences, however,  are  principally  those  of  power 
and  voltages  rather  than  circuit  configuration. 
Excepting  the  filament  circuit  for  tubes,  the  same 
basic  half-wave  and  full-wave  rectifier  arrange- 
ments are  used  to  convert  a-c  lo  d-c  power. 
Moreover,  associated  regulator  circuits  arc  es- 
sentially alike. 

4-5.  Camera  tubes  have  special  d-c  require- 
ments for  highly  stable  voltages  and  currents. 
Several  hundred  volts  for  positive  and  negitive 
potentials  are  needed.  A  typical  power  supply 
for  an  image  orthicon  must  provide  an  adjustable 
current-regulated  output  of  hundreds  of  miiliam- 
peres  in  addition  to  voltage-regulated  outputs. 
We  will  study  a  transistorized  version  of  such  a 
supply  shortly. 

4-6.  Picture  tubes,  particularly  large  ones,  call 
for  d-c  voltages  as  high  as  20,000  volts  or  more. 
High-voltage  po\yer  supplies  for  picture  tubes  are 
ordinarily  unregulated.  This  is  because  there  is 
very  little  current  drain  and  the  load  is  virtually 
constant.  The  circuits  to  be  analyzed  in  the  final 
section  of  this  chapter  will  point  up  the  important 
features  of  high-voltage  power  supplies  commonly 
used  for  these  tubes. 

4-  7.  Besides  tubes  and  solid-state  devices,  TV 
equipments  contain  control  mechanisms,  relays,, 
and  instruments  that  require  d-c  power.  Conse- 
quently, provision  must  be  made  to  supply  these 
components,  thus  contributing  to  the  differences 
you  will  find  between  power  supplies. 

5.  Low-Voitcngo  Power  Supplies 

5-  1.  You  have  previously  studied  basic  rec- 
tifier circuits,  filters,  and  regulators;  therefore,  it 
should  suffice  to  briefly  review  the  important 
information.  Instead  of  reviewing  electron-tube 
circuits,  however,  solid-state  versions  of  familiar  . 
configurations  are  shown  and  discussed.  Our 
analysis  of  selected  regulator  circuits  is  intended 
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to  further  your  understanding,  which  will  enable 
you  to  troubleshoot  more  effectively  and  main- 
tain low-voltage  power  supplies.  The  increasing 
use  of  solid-state  devices  for  rectification  and  reg- 
ulation justifies  the  attention  given  to  them  at 
this  level  of  your  training. 

5-2.  Rectifier  Arrangements  and  Char;icieF!S- 
tics.   The  three  basic  rectifier  configurations  are 
illustrated  in  figure  9.  These  single-phase  recti- 
fier circuits  have  characteristics  which  art:  worth 
keeping  in  mind.  As  a  maintenance  man,  you 
should  know  what  to  expect  by  way  of  d-c  out- 
put, ripple  frequence,  and  peak-inverse  voltage 
(PIV)  for  a  given  a-c  input.  Figure  10  shows 
the  approximate  normal  values  for  each  arrange- 
ment. Compare  the  values  and  note  the  differ- 
ences. The  half-wave  circuit  is  the  simplest,  but 
noie  its  low  ripple  frequency.  This,  of  course, 
means  better  filtering  circuitry  is  required  to 
obtain  a  satisfactory  output.  Also,  the  peak-in- 
verse voltage  across  the  diode  (tube  or  solid- 
state  rectifier)  is  about  twice  the  applied  a-c 
peak  voltage  (secondary  for  transformer  input). 
Both  full-wave  types  have  the  advantages  of 
lower  percent  ripple,  higher  ripple  frequency, 
and  lower  peak-inverse  voltage. 

5-3.  To  be  sure  you  understand  the  meaning 
of  the  values  given  in  figure  10,  let  us  cite  a 
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Fiaure  10,    Table  of  vuiues  for  basic  rectifier  circuii^. 


Pattc  IS.  After  par:.graph  4-7.  add  new  para- 
graphs 4-S  through  4-24.  including  new  chapter 

r review  exercises  and  answers. 
4.S.  To  refresh  your  memory,  the  principles  ot 
s«.lid  state  devices  will  be  reviewed.  Rather  than 
attempt  to  present  the  physics  involved  in  solid 
state  theory,  we  will  consider  their  effect  on  elec- 
tron current  flow  in  the  external  circuit. 
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4-9.  The  direction  of  current  flow  has  con- 
fused many  students.  One  theory  has  current 
flowing  from  positive  to  negative.  This  is  called 
conventional  current  flow.  Transistors  increase 
the  confusion  by  adding  hole  movement  from 
positive  to  negative.  The  theory  we  will  adopt 
is  that  of  electron  current  flow.  This  is  in  the 
direction  of  electron  drift,  or  from  negative  to 
positive.  Refer  to  foldout  1,  figure  A  (at  the  back 
of  tiiis  supplement).  In  these  solid  state  symbols, 
the  arrowheads  indicate  the  direction  of  con- 
ventional current  flow.  Because  electron  current 
flow  is  always  toward  the  most  positive  potential, 
it  will  always  be  against  the  arrowhead. 

4-10.  Semiconductor  Material.  The  ability  of  a 
material  to  conduct  an  electric  current  is  directly 
proportional  to  the  number  of  free  electrons  avail- 
able in  the  material.  Good  conductors  have  many 
free  electrons,  whereas  insulators  have  very  few. 
Semiconductors  fall  between  the  two.  A  micro- 
scopic study  reveals  that  most  solids  have  a 
crystal  structure.  The  atoms  of  crystals  are  ar- 
ranged in  a  specific  pattern  or  lattice.  When  an 
impurity  is  added  to  the  semiconductor  material, 
its  atoms  join  the  crystal  structure  pattern.  Ex- 
amples are  shown  in  foldout  1,  figure  B.  If  the 
impurity  atoms  have  more  electrons  than  the 
semiconductor  atoms,  the  lattice  has  extra  or  free 
electrons.  This  is  called  n-type  material.  If  the 
impurity  atoms  added  have  less  free  electrons 
than  the  semiconductor  atoms,  the  resulting  crys- 
tal structure  will  have  vacancies  or  holes  due  to 
this  lack  of  free  electrons.  This  is  called  p-type 
material.  The  n-  and  p-type  impurities  appreciably 
alter  the  conductivity  of  the  semiconductor.  They 
are  diffused  into  the  material  to  obtain  a  wanted 
value  of  conductance.  The  semiconductor  is  then 
said  to  be  doped. 

4-11.  Diodes.  A  diode  consists  of  a  p-type 
and  an  n-type  material  joined  in  the  manufactur- 
ing process.  At  this  junction,  a  depletion  region 
or  space  charge  region  is  formed.  This  region, 
called  a  barrier  potential,  is  an  electric  field  or 
difference  of  potential  caused  by  recombina- 
tion. While  it  is  not  directly  measurable,  it  is  rep- 
resented in  foldout  1,  figure  C,  as  an  imaginary 
battery.  Note  the  polarity  in  relation  to  the  n  and 
p  material. 

4-12.  Bias*  An  external  battery  connected 
across  the  diode,  as  shown  on  the  left  of  figure 
D  of  foldout  1,  is  said  to  forward-bias  the  diode. 
The  external  and  imaginary  batteries  are  in  series 
and  aiding.  Electron  current  will  flow  in  the  cir- 
cuit from  negative  to  positive.  Increasing  the  ex- 
ternal potential  will  increase  the  current.  Unless 
current  flow  is  limited  by  external  circuitry,  ex- 
cessive forward  bias  will  result  in  excessive  heat 
and  crystal  structure  breakdown.  In  a  semicon- 
ductor, this  heat  causes  a  decrease  in  resistance 


and  a  further  increase  in  current.  This  is  thermal 
runaway  and  destroys  the  device. 

4-13.  Connecting  the  battery  across  the  diode, 
as  shown  on  the  right  of  figure  D  of  foldout  1, 
will  reverse  bias  it.  Because  the  external  bat- 
tery and  the  imaginary  battery  oppose  each 
other,  little  or  no  current  will  flow.  The  imagi- 
nary battery  or  barrier  potential  will  always  equal 
the  external  voltage  applied  unless  the  material's 
limit  is  exceeded.  Thus,  if  an  external  voltage 
larger  than  the  maximum  possible  barrier  po- 
tential is  applied,  the  crystal  structure  will  also 
break  down  and  be  destroyed. 

4- 1 4.  Rectification,  If  we  understand  what 
happens  when  voltage  is  applied  in  either  po- 
larity, it  is  easy  to  see  how  the  diode  rectifies 
when  forward-bias  current  flow  is  high.  Reverse 
bias  results  in  almost  zero  current  flow.  If  an  a-c 
signal  is  applied,  electron  current  flows  freely  dur- 
ing one  half  cycle  and  little  or  no  current  flows 
in  the  other  half  cycle.  Figure  E  of  foldout  1  is 
the  voltage-current  characteristic  curve  for  both 
bias  conditions. 

4-  X  5 .  Zener  diodes,  Zener  diodes  are  p-n 
junctions  that  change  resistance  greatly  with  a 
small  change  in  applied  voltage.  They  differ  from 
normal  p-n  junctions  in  that  a  reverse  bias  of  suf- 
ficient potential  causes  ciystal  breakdown  and  a 
charge  emission  but  does  not  destroy  the  diode. 
Therefore,  when  a  proper  load  resistor  is  placed 
in  series  with  a  Zener  diode,  large  changes  in  ap- 
plied voltage  may  occur  without  causing  a  change 
in  voltage  across  the  Zener  diode.  It  can  be  seen 
that  it  has  similar  characteristics  to  the  conven- 
tional gas-filled  voltage  regulator  tube  (VR). 
Like  the  VR  tube,  it  also  starts  conducting  at  a 
particular  voltage  and  continues  to  conduct  vary- 
ing amounts  of  current  at  a  fixed  voltage  drop 
across  the  device.  Because  the  Zener  diode  op- 
erates with  reverse  bias,  it  will  be  inserted  in  a 
circuit  the  opposite  of  a  normal  diode.  In  other 
words,  in  a  circuit  the  arrowhead  will  point  in 
the  direction  of  electron  current  flow. 

4-16.  Transistors.  In  figure  F  of  foldout  1,  we 
have  two  p-n  junctions  in  one  crystal.  The  bat- 
teries have  biased  one  junction  in  the  forward 
direction  and  the  other  in  reverse.  Figure  E  of 
the  foldout  shows  that  for  the  same  amplitude 
of  applied  voltage,  the  current  for  the  forward 
bias  is  much  greater  than  for  the  reverse  bias. 
Therefore,  a  p-n  junction  biased  in  the  forward 
direction  is  the  equivalent  of  a  low  resistance 
and  the  p-n  junction  biased  in  the  reverse 
direction  is  the  equivalent  pf  a  high  resistance. 
From  the  power  formula  (P  =  PR),  you  can 
see  that  for  a  given  current  the  power  developed 
in  a  high-resistance  element  is  greater  than  that 
developed  in  a  low-resistance  element.  Applying 
a  signal  to  fhe  low-resistance  section  (forward 
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IS  increased,  gate  current  increases.  Thi.s  gate 
current  increase  lowers  the  value  of  anode  volt- 
aiic  necessary  for  breakover  (forward  breakover 
voltage).  Normally,  the  SCR  is  operated  well 
below  forward  breakover  voltage  and  the  gate 
signal  is  large  enough  to  trigger  or  turn  the  de- 
vice on. 

4-24.  When  the  device  is  triggered,  it  is  in- 
dependent of  gate  control.  It  remains  in  the  high- 
conduction  state  until  the  hoMing  current  point 
is  reached.  Ouick  lurnoff  can  be  achieved  by 
applying  a  reverse  bias. 
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biased  p-n  junction)  and  taking  it  from  the  high- 
resistance  element  (reverse  biased  p-n  junction) 
produces  a  power  gain.  This  couibination  of 
p-n  junctions  has  transferred  the  signal  from  a 
low-resistance  circuit  to  a  high-resistance  circuit. 
The  word  **transistor"  is  a  contraction  of  the 
terms  "/ransfer"  and  *'resw/c?r." 

4-17.  The  two  junctions  in  figure  F  of  the 
foldout  are  formed  with  two  n-type  materials  and 
one  p-type.  This  is  called  an  n-p-n  transistor.  The 
junctions  may  also  be  formed  with  two  p-type 
materials  and  one  n-type.  This  is  a  p-n-p  transis- 
tor. The  three  regions  or  sections  are  called  the 
emitter,  base,  and  collector.  Normal  operation 
has  the  emitter-to-base  junction  forward  biased 
and  collector-to-base  junction  reverse  biased.  Re- 
ferring to  figure  A,  foldout  1,  the  two  types  of 
transistors  are  shown.  The  arrowhead  is  on  the 
emitter  lead  and  indicates  the  direction  opposite 
that  of  d-c  electron  current  flow.  The  first  letter 
of  the  transistor  type  indicates  the  polarity  of  the 
emitter  with  respect  to  the  base.  Therefore,  the 
p-n-p  type  has  the  emitter  positive  with  respect 
to  the  base.  The  n-p-n  types  have  the  emitter 
negative  with  respect  to  the  base.  Figure  G  of 
foldout  1  is  an  example  of  forward  bias  cur- 
rent flow  in  an. n-p-n  transistor.  A  p-n-p  will; 
have  opposite  polarities  and  direction  of  current 
flow.  Consider  the  transistor  in  a  circuit  as  a  vari- 
able resistor  in  a  voltage  divider  network.  With 
no  forward  bias,  the  transistor  is  a  very  high  re- 
sistance. As  forward  bias  is  applied,  its  resistance 
decreases  and  current  increases.  This  will  assist 
you  in  understanding  the  circuits  described  in  this 
chapter. 

4-18.  Unlike  the  electron  tube,  the  transistor 
is  classifled  by  circuit  connections  or  configura- 
tions. Compare  the  transistor  configurations  and 
the  well-known  electron  tube  connections  shown 
in  flgure  H  of  the  foldout.  The  common  emitter 
configuration  designated  by  CE  corresponds  to 
the  conventional  grounded  cathode  connection 
for  the  triode  tube  (flgure  HI  of  the  foldout). 
The  common  base,  CB,  and  common  collector. 
CC,  conflgurations  correspond  to  the  grounded 
grid  and  cathode  follower  tube  connections,  re- 
spectively (see  flgures  H2  and  H3  of  the  fold- 
out).  We  will  use  the  letter  designations  CE, 
CB,  and  CC  as  indicated;  the  flrst  C  stands  for 
common  and  the  second  capital  letter  identifies 
the  electrode. 

4-19.  The  predominant  circuit  configuration 
used  with  junction  transistors  is  th^  common 
emitter.  The  CE  current  ampliflcation  factor  is 
called  the  forward  current  transfer  ratio;  it  is 
represented  by  beta,  ^,  or  hf...  It  reflects  the  ef- 
fect that  a  change  in  base  current,  In,  has  upon 
collector  current.  It-,  with  a  constant  collector- 
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emitter  voltage,  Vrn.  The  value  of  ^  for  a  particu- 
lar transistor  can  be  found  in  a  transistor  manual. 

4-20.  Two  special-purpose  devices  are  the  uni- 
junction transistor  and  the  silicon  controlled  rec- 
tifler  (SCR).  These  devices  are  designed  for 
rapid  switching  purposes.  Because  they  have  two 
stable  states,  they  are  said  to  be  bistable.  Let's 
see  how  they  operate. 

4-21.  Unijunction  Transistor.  Like  a  diode,  the 
unijunction  has  a  single  p-n  junction.  However, 
it  has  two  leads  connected  to  the  n  region.  As- 
suming the  initial  state  to  be  that  ^hown  on  the 
left  of  flgure  I  of  the  foldout,  the  p-n  junction 
is  reverse  biased.  Consider  the  n  region  as  a 
voltage  divider  (normally,  about  5  K  to  10 
K  ohms).  If  the  total  voltage  from  base  1  to 
base  2  is  +10  volts,  the  voltage  halfway  be- 
tween base  1  and  base  2  is  +5  volts.  Since  the 

'  p  region  is  at  0  volts,  the  junction  is  reverse 
biased.  Only  a  minute  amount  of  emitter  cur- 
rent can  flow  and  conduction  is  at  a  low  level. 
This  state  is  maintained  until  the  voltage  on  the 

-  emitter  is  increased  to  about  +5  volts.  Once  the 
p-n  junction  becomes  forward  biased,  current 
rapidly  rises  to  a  high-level  state  (right  portion 
of  flgure  I  of  foldout  1 ) .  Thus,  whether  the  uni- 
junction is  in  the  high-level  state  or  low-level  state 
depends  on  the  bias  conditions.  These  devices  can 
be  designed  to  conduct  heavily  at  any  desired 
fraction  of  the  applied  base  2  voltage. 

4-22.  Silicon  Controlled  Rectifier  (SCR).  The 
SCR  is  basically  a  four-layer  n-p-n-p  semi- 
conductor device.  In  the  left-hand  portion  of  flg- 
ure J  of  the  foldout,  we  see  that  the  device  has 
three  contacts — a  cathode,  anode,  and  gate. 
Like  a  rectifler,  it  conducts  mainly  in  one  direc- 
tion. Under  reverse  bias  conditions,  the  de- 
vice operates  in  a  manner  similar  to  a  conven- 
tional rectifier  as  it  has  a  slight  reverse  leakage 
current.  However,  it  does  not  conduct  immedi- 
ately in  the  forward  direction.  As  the  voltage  is 
increased  at  the  anode,  a  value  is  reached  at 
which  the  current  increases  rapidly.  This  is  called 
the  forward  breakover  voltage.  At  this  point,  the 
high  internal  resistance  of  the  device  changes  to  a 
low  value  and  current  increases  rapidly.  Now  the 
device  is  considered  "on"  or  triggered.  It  will 
remain  in  this  high  conduction  state  until  the 
anode  voltage  drops  to  a  value  which  cannot 
maintain  the  breakover  current.  This  current  is 
caUed  holding  current.  Below  this  value  of  for-' 
ward  current,  the  SCR  returns  to  its  high-resis- 
tance state  and  current  ceases  to  flow.  Now  the 
switch  is  *'off."  Follow  the  gate  current  curve  in 
the  right-hand  portion  of  flgure  J  of  foldout  1. 

4-23.  The  breakover  point  of  an  SCR  can  be 
controlled  by  injecting  a  signal  at  the  gate.  Thus, 
it  can  be  turned  on  and  off  at  will.  With  no  sig- 
nal applied,  gate  current  is  zero.  As  the  signal 
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particular  example.  Assuming  a  60-cps  effective 
a-c  input  (E)  of  300  volts,  figure  10  tells  us  that 
the  maximum  d-c  output  for  a  center-tap  full- 
wave  rectifier  is  about  0.7E  =  0.7  X  300v  = 
210v  with  a  ripple  frequency  of  2f  =  2  x  60 
cps  »  120  cps.  The  diodes  must  withstand  a 
peak-invene  voltage  of  1.4E  =  1.4  X  3O0v  = 
420v.  As  you  see,  these  values  can  be  quickly 


and  readily  determined  if  you  know  the  informa* 
tion  contained  in  figure  10. 

5-4.  Having  reviewed  the'  basic  single-phase 
rectifier  circuits,  let  us  now  consider  some  three- 
phase  circuits.  Using  a  three-phase  input  greatly 
increases  the  quality  of  the  output.  You  can  see 
the  reason  for  this  in  figure  II, A.  The  unfiltered 
output  waveform  clearly  shows  why  the  ampli- 
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Figure  II.    Half-wave  Rectification. 
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A.  CENTER-TAPPED  Y  SECONDARIES 
a.  SEPARATE  Y  SECONDARIES  (PHASES  AK?  IN  EFFECT 
CENTER-TAPPED) 


Figure  12.     Three-phase  center-tap  rectifier  circuit, 

tude  of  the  ripple  is  greatly  reduced  when  a 
three-phase  unit  is  employed.  Note  the  marked 
decrease  in  the  percent  of  ripple.  Observe  also 
that  the  ripple  frequency  is  tripled,  which  facili- 
tates filtering  and  improves  regulation. 

5-S.  Figure  11, B»  shows  a  simple  three-phase 
half-wave  rectifier  circuit.  Trace  out  any  one 
phase  and  it  becomes  apparent  that  the  circuit 
is  that  of  a  single-phase  half-wave  rectifier.  Thus, 
a  three-phase  unit  is  no  more  than  a  combination 
of  three  single-phase  units.  Since  each  phase  is 
displaced  by  120°.  the  filter  is  charged  three 
times  rather  than  once  per  cycle  and  the  result- 
ant output  is  the  composite  of  the  output  of  cith'. 
phase. 

5-6.  Because  this  rectifier  unit  requires  more 
rectifiers  and  a  three-phase  source,  it  is  larger 
and  more  costly  than  a  single-phase  unit.  Like 
the  single-phase  unit,  a  three-phase  unit  can  be 
transformerless.  When  transformers  are  used,  the 
primary  windings  may  be  connected  either  delta 
(A)  or  wye  (Y). 


5-  ^  We  have  spoken  only  of  a  tbr^je-phase 
unir.  but  a  pciyphase  half-wave  rectifier  may 
consist  of  any  number  of  phases.  It  stands  to 
re^,^;on  that  tne  greater  the  number  of  phases, 
the  lesser  the  percent  ripple  and  the  better  the 
ouiput.  Regardless  of  the  number  of  phases,  the 
operation  of  a  poiyphuse  unit  is  fundamentally 
that  of  single-phase  units  feeding  a  common  load 
in  time  sequence. 

5-8.  Although  polyphase  units  overcome  th^ 
disadvantages  of  low-frequency  ripple,  a  capaci- 
tor-input filter  still  develops  a  high  PIV.  Each 
rectifying  diode  must  withstand  approximately 
twice  the  peak  secondary  phase  voltage  (line-to- 
neutral  voltage), 

5-9.  As  with  half-wave  rectifiers,  the  d-c  out- 
put of  center-tap  rectifiers  can  be  improved  by 
using  a  polyphase  network.  Two  3-phase  net- 
works are  shown  in  figure  12.  Notice  that  any 
one  phase  is  identical  to  the  single-phase  center- 
tap  rectifier  circuit  in  figure  9,B-  So  again  a 
polyphase  rectifier  can  be  regarded  as  a  com- 
bination of  single-phase  rectifiers  operating  in 
time  sequence  to  supply  a  common  load. 

5-10.  A  basic  three-phase  bridge  rectifier 
working  from  a  A  secondary  is  shown  in  figure 
13, A.  Trace  out  a  single  phase  and  prove  lo 
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yourself  that  the  circuit  is  identical  to  the  one 
shown  m  figure  9.C,  The  combined  output  of  the 
three  phases  which  are  operating  120''  apart  pro- 
duces a  waveform  that  has  a  low-percent  ripple 
(4  percent)  and  a  high  ripple  frequency  (six 
times  the  input  frequency  /).  When  we  compare 
the  output  of  the  bridge  rectifier  with  the  other 
types  in  figure  13,B.  wc  sec  that  the  bridge  recti- 
fier affords  the  advantages  of  fuil-wave  rectifica- 
tion at  a  high  d-c  output  voltage. 

5-11.  Voltage  Regulators.  Keeping  the  output 
of  a  d-c  power  supply  constant  is  of  critical  im- 
portance in  many  TV  applications.  It  may  be 
absolutely  necessary  to  use  voltage  regulators  or 
current  regulators  in  conjunction  with  the  recti- 
fier unit.  Some  power  supplies  will  have  both 
voltage  and  current  regulation. 

S-12.  Regulator  units  may  be  quite  simple, 
using  a  single  thermistor  VR  tube  or  Zener  diode. 
On  the  other  hand,  complicated  units  will  use 
an  array  of  tubes  or  solid-state  devices.  Although 
solid-state  regulators  are  similar  to  f!ectrcn-tube 
regulators,  they  can  be  fashioned  in  many  dif- 
ferent ways.  The  fact  that  either  n-p-n  or  p-n-p 
transistors  can  be  used  permits  considerable  di- 
versity in  design.  We  will  progress  from  the 
simple  to  the  more  involved  circuits  by  explain- 
ing the  operation  of  representative  shunt  and 
series  type  regulators. 
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I  RANGE  OF  OPERATION^ 


Figure  14.    Therm ister  shunt  reffulator. 


Figure  1$.    Zener  diode  regulator, 

5-13.  Shunt  types.  Two  reasons  for  the  use 
of  shunt  voltage  regulators  are:  (1)  their  low 
cost  in  ^he  simplest  form  and  (2)  their  inherent 
overload  iid  short-circuit  protection.  Essentially, 
a  shunt  voltage  regulator  consists  of  a  limiting 
resistor  in  series  with  the  load  and  a  variable 
resistance  component  in  parallel  (shunt)  with  the 
load.  The  circuit  shown  in  figure  14,A,  is  a  simple 
shunt  regulator  unit.  R  is  the  series  limiting  re- 
sistor. The  combination  of  Ra  and  the  thermistor 
is  the  variable  resistance  that  parallels  the  load. 
This  circuit  is  capable  of  stabilizing  the  d-c  out- 
put voltage  against  variations  of  input  voltage 
and  load  (current  drain)  over  comparatively 
wide  ranges  (see  fig.  14,B).  Although  simple, 
it  is  very  inefficient^  because  of  the  power  con- 
sumed in  the  regulator  unit  itself. 

5-14.  The  Zener  diode  regulator  circuit  (see 
fig.  15)  is  comparable  to  the  VR  (voltage  regu- 
lator) tube  circuit.  The  voltage  across  the  Zener 
diode  is  virtually  constant  and  independent  of 
current.  Diode  current  must  be  limited  by  a  series 
limiting  resistor  R  of  proper  size.  The  operation 
of  the  circuit  is  very  simple,  since  the  voltage 
Vr,  remains  practically  constant  so  long  as  the 
input  and  load  variations  stay  within  the  speci- 
fied limits  of  the  Zener  diode.  Like  VR  t:bes, 
Zener  diodes  can  be  connected  in  series  to  pro- 
vide different  regulated  voltage  values.  They 
have  numerous  voltage  and  power  ratings,  with 
5-percent,  10-percent,  or  20-percent  tolerances. 

5-15.  If  the  Zener  diode  regulator  is  not  sat- 
isfactory, an  arrangement  like  that  shown  in  ^g- 
ure  16,A,  may  be  used.  Here  we  see  a  p-n-p 
transistor  connected  across  the  output  to  regu- 
late the  voltage.  Note  that  the  coUector-to-base 
difference  in  potential  is  held  constant  by  a  Zener 
diode.  Therefore,  any  change  in  voltage  caused 
by  either  the  input  or  load  affects  the  base-to- 
emitter  current  Ib.  Accordingly,  AIb  is  am- 
plified by  approximately  the  j3  factor,  hps.  The 
current    change    Ale    through    the  transistor 
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Figure  16.    Transistor  shunt  regulator. 

counteracts  any  voltage  change.  For  example, 
suppose  the  load  draws  more  current;  the  voltage 
on  the  load  side  would  tend  to  decrease.  Base 
current  Id  will  decrease  and  cause  an  amplified 
decrease  in  Ic  In  effect,  the  decrease  in  Ic 
compensates  for  the  increase  in  load  current  so 
as  to  maintain  the  same  voltage  drop  across  Rl. 
We  see,  then,  that  any  change  in  Vr  is  counter- 
acted to  regulate  the  voltage.  Assume  that  the 
load  current  decreases,  and  reason  through  the 
regulating  action  that  results. 

5-16.  Now  consider  what  takes  place  if  Vt; 
were  to  rise.  Wouldn't  In  increase  and  cause 
the  transistor  to  conduct  more  heavily?  Because 
the  transistor  conducts  more  heavily,  the  current 
through  Rl  must  increase.  Practically  all  of  the 
rise  in  Vtj  is  therefore  dropped  across  Rl,  and 
Vr  remains*  practically  the  same.  For  a  de- 
crease in  Vc,  the  reverse  action  occurs. 

5-17.  Another  circuit  possibility  is  that  shown 
in  figure  J6,B.  The  emitter  is  kept  at  a  constant 
potential  by  the  Zencr  diode.  Thus,  any  voltage 
variation  appearing  across  the  output  terminals 
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is  sensed  by  the  transistor's  base  as  an  input  sig- 
nal. Again  we  have  amplifier  action,  and  the 
current  through  the  transistor  changes  to  regu- 
late the  output  voltage,  Vr. 

5-18.  An  advantage  of  this  circuit  is  that  Vr 
can  be  adjusted  to  a  desired  fixed  level.  This 
feature  makes  it  possible  to  set  Vr  at  a  higher 
or  lower  value  to  compensate  for  aging  or  for 
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Figure  17.    Series-type  voltage  regulator. 
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different  load  requirements.  Resistors  R2  and  R4 
establish  the  range  of  voltage  for  bias  that  can 
be  tapped  off  R3.  The  bias  determines  the  tran- 
sistor's quiescent  (operating)  point  and  its  d-c 
resistance.  In  other  words,  by  Changing  the  bias 
setting,  we  change  the  transistor's  resistance  so 
that  a  greater  or  lesser  amount  of  the  input 
voltage  appears  at  the  output  terminals.  For  in* 
stance,  to  increase  the  d-c  output  voltage,  Vu, 
the  movable  contact  to  R3  must  be  moved  down- 
ward. This  will  decrease  the  forward  bias  on  the 
n-p-n  transistor.  Since  the  transistor  conducts  less 
current,  less  current  flows  through  Rl,  which 
means  the  voltage  drop  across  Rl  is  decreased. 
Accordingly,  the  output  voltage,  Vn,   is  in- 
creased. From  the  viewpoint  of  voltage  division, 
we  have  simply  increased  output  resistance  by 
decreasing  the  transistor's  forward  bias.  Propor- 
tionately more  of  the  applied  input  voltage  is 
therefore  "seen'*  at  the  output  terminals.  To  ob- 
tain a  lower  value  of  regulated  voltage,  Vn,  of 
course,  the  movable  contact  is  moved  upward 
(more  positive)  to  increase  the  transistor's  for- 
ward bias. 

5-19.  A  Zener  diode  does  not  need  a  "start- 
ing" voltage  surge;  therefore,  it  does  not  require 
the  associated  circuitry  necessary  to  ionize  a  VR 
tube. 

5-20.  A  drawback  of  any  shunt  type  regulator 
is  its  low  efficiency.  We  can  appreciate  this  when 
we  realize  that  the  output  power  is  divided  be- 
tween the  load  and  the  shunting  circuit;  at  no- 
load  the  shunting  circuit  dissipates  the  full  out- 
put power.  Consequently,  proportionately  large 
amounts  of  output  power  are  wasted,  particularly 
when  the  loads  are  small.  For  this  reason,  the 
small-load  efficiencies  of  shunt  regulators  are 
notably  low. 

5-21.  Series  voltage  regulator.  A  series  type 
regulator  can  have  comparatively  high  small-load 
efficiencies.  That  is  because,  as  its  name  implies, 
the  regulating  device  (a  variable  resistance)  is  in 
series  with  the  load.  In  figure  17, A,  we  see  how 
a  thermistor  is  used  to  prevent  voltage  changes 
caused  by  variations  in  load.  The  thermistor  acts 
as  a  variable  resistor  in  a  voltage  dividi?r  circuit. 
If  the  load  resistance  decreases,  tending  to  lower 
Vu.  the  resistance  of  the  thermistor  decreases 
as  a  result  of  the  additional  heating  caused  by 
the  increased  load  current.  This  action  keeps  the 
ratio  of  the  thermistor's  resistance  and  load  re- 
sistance about  the  same.  Since  the  voltage  d. 
sion  of  the  input  is  virtually  unchanged,  Vn  is 
regulated.  When  a  decrease  in  load  occurs,  the 
thermistors  resistance  increases  to  regulate  Vr. 

5-22.  Although  a  thermistor  regulates  fairly 
well  under  changing  load  conditions,  it  will  not 
regulate  input  variations.  In  fact,  it  makes  reg- 


ulation worse  instead  of  better.  Assume -4hat  the 
input  Vr  increases.  What  happen^?  Current  in 
creases,  causing  the  drop  across  thef-thermistor  to 
decrease.  This  is  just  the  opposite  of  what  we 
want.  The  drop  across  the  regulating  device 
should  increase  to  preyent  a  rise  in  Vn. 

5-23.  A  series-rfcgplator  circuit  that  regulates 
both  load  and  input'  variations  is  shown  in  figure 
17,B^.  Moreover,  the  transistor's  amplifying  cap- 
ability improves  regulation.  The  n-p-n  transistor 
is  a  sensitive  variable  resistance.  Because  its 
base  is*'lield  at  a  fixed  potential  by  the  Zener 
diode,  any  change  in  Vu  or  Vu  affects  the 
transistor's  bias.  The  drop  across  the  transistor, 
Vt  changes  to  stabilize  Vu.  Let  us  briefly 
describe  how  the  circuit  operates. 

5-24.  Consider  first  a  change  in  load.  We  will 
assume  that  it  increases.  This  tends  \o  lower 
Vu  /and  increase  the  potential  difference  be- 
tween the  emitter  and  base.  Since  the  base-to- 
emitter  forward  bias  is  increased,  the  transistor 
conducts  more  heavily.  Therefore,  Vok  is  low- 
ered and  counteracts  the  decrease  in  Vu.  So 
we  have  regulation.  If  the  load  decreases,  the 
bias  decreases  to  regulate  Vu.  In  a  similar 
fashion  any  variation  of  the  input  Vu  causes 
a  bias  change.  The  drop  across  the  transistor 
automatically  increases  if  Vu  increases,  or  de- 
creases if  Vr  decreases.  Such  action  maintains 
V,:  nearly  constant.  Be  sure  you  understand 
why  this  is  so.  'Study  figure  17.B,  and  determine 
the  sequence  of  events  for  all  the  possible  condi- 
tions of  change. 

5-25.  We  can  get  better  regulation  by  using  a 
circuu  such  as  the  one  shown  in  figure  17,C. 
Note  the  01  is  a  p-n-p  transistor,  whereas  Q2 
is  a  n-p-n  transistor.  Inasmuch  as  each  transistor 
amplifies,  this  arrangement  is  quite  sensitive  and 
can  give  excellent  output-voltage  stability  over 
the  designed  range.  Observe  also  that  the  output 
of  this  circuit  can  be  adjusted  by  R3,  as  ex- 
plained earlier. 

5-26.  After  we  go  through  one  condition  of 
change  you  should  be  able  to  analyze  the  per- 
formance of  the  circuit  for  the  remaining  three. 
We  will  describe  the  behavior  of  the  circuit  for 
the  condition  of  increased  load.  This  leaves  the 
conditions  of  decreased  load,  increased  input 
V,.,  and  decreased  input  Vu  for  you  to  figure 
out 

5-27.  To  prevent  Vu  from  dropping  with  an 
increase  in  load,  Vvk  of  01  must  decrease. 
Let's  keep  this  in  mind  and  see  if  it  will  occur. 
Any  decrease  in  Vu  is  felt  in  full  at  the  emitter 
of  02,  but  is  felt  only  in  part  at  the  base  of  02. 
Here's  why:  Since  the  drop  across  the  Zener  .di- 
ode is  constant,  any  voltage  change  appe^^^ 
tirely  across  Rl,  from  the  emitter  ^^ij^^Siv^^ 
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ground.  However,  this  ir.  jiot  so  for  the  base  of 
Q2.  It  ''sees'*  only  a  fractional  amount  of  the 
change  which  is  taoped  oft  of  R3  in  the  voltage; 
divider  circuit  (R2,  R3,  and  R4).  You  recall 
that  for  an  n-p-n  transistor  the  base  is  more  posi- 
tive than  the  emitter.  Then  if  the  emitter  drops 
more  (becomes  less  positive)  than  does  the;  base, 
the  bias  increases.  Such  being  the  case,  Q2  con- 
ducts more  heavily.  Note  that  the  collector  cur- 
rent of  Q2  is  actually  the  base  current  lb  of  Ql. 
We  know,  then,  that  an  increase  in  Ib  of  Ql 
causes  Ql  to  conduct  more  heavily  and  its  Vck 
to  drop  accordingly.  lsn*t  this  what  we  wish  to 
happen? 

5-28.  From  the  standpoint  of  bias  on  Ql,  its 
base  becomes  less  positive  (more  negative  with 
respect  to  its  emitter)  because  Q2  conducts 
more  heavily.  Since  Ql  is  a  p-n-p  transistor, 
(he  bias  increases  and  causes  the  voltage  Vce 
across  Ql  to  drop  as  in  our  previous  analysis. 

5-29.  However  you  choose  to  analyze  the  cir- 
cuit, the  outcome  will  be  the  same:  regulation. 

5-30.  Let  us  now  look  at  a  more  complex 
voltage  regulator  which  is  similar  to  a  type  you 
may  have  to  maintain.  Note  in  figure  18  that 
QS,  Q6,  and  Q7  are  connected  in  parallel;  they 


serve  as  s^c^rics-regulating  transistors  in  4he  nega- 
tive line  or  the  supply.  These  transistors  are 
controlled  by  the  amplifying  network  which  in- 
cludes Ql,  Q2,  03,  and  Q4.  The  transistor  Ql 
senses  any  voltage  change  at  its  base,  since  Zencr 
diode  Zl  keeps  QVs  emitter  voltage  constant. 
The  amplified  change  becomes  mverted  at  Q]*s 
collector  and  appears  on  the  base  of  Q2.  An- 
other amplified  inversion  occurs  at  the  collector 
of  Q2  which  is  also  the  base  input  to  04.  The 
amplifier  circuit  containing  Q3  is  a  regenerative 
feedback  arrangement  which  increases  the  input 
change  to  the  base  of  Q4.  To  understand  this, 
observe  that  a  double  inversion  is  realized  in 
going  from  the  base  of  Q4  to  the  collector  of  Q3; 
one  inversion  occurs  from  base  to  collector  of 
Q4  and  another  from  emitter  to  collector  of  03. 
Because  this  is  a  regenerative  loop,  the  capaci- 
tor is  used  to  prevent  high-frequency  oscillation. 
Any  spurious  high  frequency  is  shunted  by  the 
capacitor  across  Q3;  since  there  is  no  inversion 
across  03,  the  feedback  loop  for  high  frequen- 
cies is  degenerative.  Zener  Z2  establishes  the 
reference  for  03,  and  amplifier  operation  is  ad- 
justed to  the  optimum  condition  with  the  vari- 
able emitter  resistor  (this  is  a  factory  adjust- 
ment and  nonnally  need  not  be  made  again). 
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Figure  19.    Switching-type  voltage  regulator. 


S-31.  The  output  of  Q4  is  taken  from  its 
emitter,  so  the  output  is  in  phase  with  the  change 
applied  to  its  base.  This  output  controls  QS 
which  in  turn  controls  the  other  two  paralleled 
series-regulating  transistors  Q6  and  Q7. 

S-32.  As  in  previous  circuits,  w6  will  assume 
a  particular  condition  and  determine  the  reguia* 
ting  action  that  results.  Let  us  suppose  that  the 
regulated  voltage  Vn  tends  to  rise  (become 
more  positive).  To  counteract  this,  the  voltage 
drop  across  QS,  Q6,  and  Q7  must  increase.  We 
will  see  whether  this  occurs. 

S-33.  If  Vii  increases,  the  base  of  Ql  goes 
more  positive.  Since  it  is  an  n-p-n  transistor  it 
conducts  harder  and  its  collector  becomes  less 
positive.  This  makes  the  base  of  p-a*p  transistor 
Q2  less  positive,  which  causes  it  to  conduct 
harder  also.  Consequently,  the  collector  of  Q2 
and  base  of  Q4  become  more  positive.  The  cir- 
cuit containing  Q3  regeneratively  feeds  back  the 
collector  output  of  Q4  to  drive  the  -base  of  Q4 
even  more  positive.  (You  should  be  able  to  fig- 
ure out  why  this  is  true.)  Because  the  base  of 
Q4  goes  more  positive,  so  must  its  emitter.  This 
action  decreases  the  forward  bias  on  p-n-p  tran- 
sistor 06.  thereby  causing  it  to  conduct  less.  The 


reduced  voltage  drop  across  the  emitter  resis- 
tance of  QS  decreases  the  forward  bias  applied 
to  the  bases  of  Q6  and  07.  We  note,  therefore, 
that  06  and  07  conduct  less,  as  does  QS.  The 
result  lis  that  the  voltage  drop  increases  across 
these  three  regulating  transistors.  This  is  what 
we  said  should  occur  to  counteract  the  assumed 
increase  in  Vn.  If  Vn  would  try  to  decrease, 
the  opposite  actions  would  occur.  Regulation  is 
excellent  because  this  circuit  is  highly  sensitive 
and  reacts  instantly  to  prevent  variations  in  out* 
put  voltage  caused  by  load  or  input 

S-34.  Switching  regulators.  Besides  the  vari- 
ous types  of  shunt  and  series  voltage  regulators, 
there  are  switching  regulators  that  have  opera- 
ting efficiencies  approaching  100  percent.  These 
regulators  use  semiconductor  switching  devices 
such  as  unijunction  transistors  (UJT)  and  sili- 
con control  rectifiers  (SCR)  in  a  variety  of  con- 
trol circuits. 

S-3S.  The  switching  regulator  circuit  shown 
in  figure  19  is  unique  in  several  respects.  Notice 
that  this  SCR's  are  part  of  the  rectifying  bridge 
circuit.  Regulation  is  accomplished  by  control- 
ling the  firing  point  of  the  SCR*s.  An  SCR  is 
similar  to  a  thyratron,  but  its  forward  drop  and 
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turn-off  times  are  about  onc-teo^h  those  of  a 
thyratron.  As  much  as  50  amperes  can  be 
handled  by  high-current  SCR's.  The  SCR's  in 
this  circuit  are  fired  by  gate  pulses  which  are 
developed  when  the  UJT  conducts.  The  time 
relationship  of  the  gate  pulses  to  the  start  time 
of  each  115-a«c  input  alternation  determines  the 
conducting  time  of  the  SCR's  (see  fig.  20).  By 
sensing  load  voltage  variations,  the  gate  pulses 
are  electrically  delayed  or  advanced  to  adjust 
the  conduction  time  of  the  SCR's.  This  effec- 
tively delivers  the  proper  amount  of  current  to 
C2  so  that  it  maintains  a  virtually  constant 
charge  voltage  which  is  Vn.  Because  a  choke 
input  filter  is  used»  the  diode  D  is  needed  so 
that  current  can  continue  to  flow  through  the 
choke  L  and  load  when  both  SCR*s  arc  cut  off. 
5-36.  To  understand  how  the  gate  pulses  are 


produced,  study  the  upper  circuit  shoy-n  in  fig- 
ure 19.  The  output  from  liie  full-wave  center- 
tap  rectifier  is  clipped  by  Zencr  diode  Z.  This 
clipped  waveform  appears  across  the  UJT  cir- 
cuit and  also  across  R  m  series "wiUi  CI.  Th3 
UJT  acts  as  a  switcli;  it  docs  not  conduct  until 
the  emitter  reaches  a  prescribed  potential.  When 
the  applied  voltage  rises  to  its  clipped  value,  CI 
charges  to  the  emitter  potential  which  fires  the 
UJT.  After  discharging  CI,  the  UJT  cuts  off. 
This  on-off  action  of  the  UJT  once  per  alterna- 
tion of  the  input  produces  the  gate  pulses  tiiat 
are  applied  to  the  SCR's.  Whichever  SCR  has 
the  forward-biased  anode  at  the  time  a  gate 
pulse  occurs  will  fire;  thus,  the  SCR's  fire  alter- 
nately (see  fig.  20). 

5-37.  Since  the  time  at  which  a  g  pulse  is 
generated  depends  on  the  charge  time  of  CI,  the 
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Figure  20,    Wax  ffonrs  for  switchinff  volfaf*e  rcnulator. 
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Figure  2Ji    Constant-current  regulators* 

gate  can  be  delayed  or  advanced  by  increasing 
or  decreasing  the  charge  time,  respectively.  This 
is  done  electrically  by  the  circuit  containing 
n-p-n  transistor  Q.  For  example,  if  the  voltage 
Vi:  tends  to  rise,  a  positive  error  voltage,  sensed 
at  the  base  of  O.  causes  Q  to  conduct  harder. 
Thus,  current  is  diverted  from  CI  and  its  charge 
time  is  increased.  As  a  result,  the  gate  pulses 
are  delayed.  From  figure  20  you  see  that  the 
SCR*s  conduction  time  is  decreased.  This  re- 
ducer/ the  charge  on  C2.  thereby  counteracting 
any  increase  in  Vu.  On  the  other  hand,  if  a 
change  in  load  or  input  tends  to  decrease  Vu, 
the  gate  pulses  are  advanced.  The  SCR's  conduct 
longer,  and  C2  charges  more  to  regulate  Vu. 
Determine  why  this  occurs  and  you  will  under- 
stand how  this  regulator  maintains  a  constant 
voltage  output  under  varying  load  or  input  con* 
ditions.  • 


/ 

S-38.  Constant-Current  Regulators.  In  con- 
trast with  a  voltage  regulator,  the  current  regu- 
lator stabilizes  output  current.  In,  rather  than 
output  voltage,  Vr.  Its  primary  function  is  to 
supply  a  constant  current  to  the  load.  To  do  this, 
the  regulating  device  must  prevent  a  change  in 
output  current. 

S-39.  Figure  21, A,  shows  a  circuit  that  can 
be  used.  Instead  of  sensing  the  voltage  across 
the  output  terminals,  the  transistor  senses  the 
cunent  through  Rl.  Any  current  change  deve- 
lops a  voltage  change  across  Rl,  which  alters 
the  bias  of  the  p-n-p  transistor*  The  transistor 
resists  the  current  changes.  For  example,  an  in- 
crease in  current  will  increase  the  voltage  across 
Rl  and  make  the  emitter  less  positive.  This  de- 
creases the  base-to-emitter  forward  bias  of  the 
p-n-p  transistor  and  decreases  the  current  flow 
through  it.  Thus,  the  transistor  action  opposes 
any  change  ia  In* 

S-40.  The  circuit  shown  in  figure  21,B,  has 
the  added  feature  of  adjustment  by  R2.  Note 
that  it  uses  an  n-p-n  transistor,  and  the  sensing 
resistors  Rl  and  R2  are  on  the  load  side.  Al- 
though this  circuit  is  somewhat  different,  it  regu- 
lates Ir  in  much  the  same  manner  as  the  one 
previously  described.  Suppose,  again,  Ir  tries 
to  increase.  The  emitter  becomes  more  positive 
and  the  base-to-emitter  forward  bias  of  the  n-p-n 
transistor  decreases.  This  means  that  the  in- 
crease in  current  is  opposed  by  the  transistor 
action.  On  the  other  hand,  if  Ir  tries  to  de- 
crease, the  base-to-emitter  bias  increases.  Since 
any  change  in  current  affects  the  bias,  the  tran- 
sistor counteracts  the  change  and  thereby  regu- 
lates the  output  current. 

S-41.  Impioved  regulation  is  achieved  by 
amplifying  the  error  applied  to  the  control  tran- 
sistor. This  is  illustrated  in  figure  22.  The  tran- 
sistor Q2  serves  as  a  d-c  amplifier.  Output  cur- 
rent can  be  adjusted  to  the  desired  value  with 
R2.  Otherwise,  this  circuit  corresponds  to  the 
circuit  shown  in  figure  21, A,  and  regulates  in 
the  same  manner. 

S-42.  Symptoms  and  Troubles.  Aside  from 
the  use  of  solid-state  devices  in  place  of  electron 
tubes,  circuit  configurations  for  solid-state  power 
supplies  have  been  shown  to  be  similar  or  iden- 
tical to  electron-tube  power  supplies.  For  this 
reason,  troubleshooting  procedures  are  practi- 
cally the  same  with  regard  to  circuitry.  Often  the 
malfunction  of  a  power  supply  is  the  fault  of 
the  rectifying  device.  Electron-tube  diodes  fail; 
so  also  do  metallic  and  crystal  rectifiers.  Cer- 
tain faults  can  be  attributed  directly  to  the  recti- 
fier: (1)  open-circuited  rectifier,  (2)  short-cir- 
cuited rectifier,  (3)  high  forward-voltage  drop, 
(4)  high  leakage  current,  and  (5)  overheated 
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Figure  22.    Constant-current  reguiator  with  d-c 
amplifier. 

rectifier.  The  symptoms  associated  with  these 
faults  can  be  readily  detected,  since  they  cause 
obvious  and  sometimes  serious  trouble. 

5-43.  An  open-circuited  rectifier  causes  a  lower 
d-c  output  or  no  d-c  output.  If  the  rectifier 
unit  is  a  full-wave  or  polyphase  type,  the  d-c 
output  would  be  reduced  when  one  rectifier  is 
open-circuited.  If  it  is  a  single-phase  half-wave 
rectifier,  there  will  be  no  d-c  output. 

5-4 J.  Improved  regulation  is  achieved  by 
amplifying  the  error  applied  to  the  control  iran- 
circuiied  rectifier.  In  addition,  there  will  be  ex- 
cessive heating  and  a-c  will  appear  at  the  output. 
Unless  short-circuit  protection  is  built  into  the 
power  supply,  other  circuit  components  can  be 
permanently  damaged. 

5-45.  For  a  solid-state  rectifier,  either  a  high 
forward-voltage  drop  or  a  high  leakage  current 
will  cause  lowered  d-c  output  and  increased 
heating.  A  high  forward-voltage  drop  is  caused 
by  an  increased  forward  resistance,  whereas  a 
high  leakage  current  is  caused  by  a  decreased 
reverse  resistance.  Whichever  fault  occurs,  the 
rectification  ratio  is  reduced  accordingly,  and 
likewise  the  efficiency  of  the  rectifier. 

5-46.  An  overheated  rectifier  may  be  caused 
by  faults  (2),  (3),  or  (4)  mentioned  previously, 
and  also  can  be  caused  by  excessive  loading  or 
inadequate  cooling.   Regardless  of  the  cause,  a 
rectifier  that  is  heated  beyond  its  safe  limits  will 
be  short-lived  or  completely  destroyed.  When 
the  source  of  the  trouble  is  the  rectifier  itself, 
replacement  of  the  rectifier  will  return  the  cir- 
cuit  to  normal  operation.   However,  when  the 
overheating  is  the  result  of  loading  or  improper 
heat  dissipation,  the  trouble  will  persist  after  the 
rectifier  has  .been   replaced,    unless  corrective 
measures  are  taken  to  insure  prooer  loading  and 
cooling. 

5-47.  When  a  power  supply  has  a  regulator 
unit,  a  defective  solid-slate  device  fihcrmisror, 
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Zener  diode,  transistor  etc.)  mav  be  the  source 
of  trouble.  The  sympioms  will  ranee  jfrom  an 
increased  or  reduced  d-c  output  (regulated  or 
not  J  to  no  d-c  output.  The  symptoms  and  irou- 
bics  are  dependent  upon  the  complexity  of  the 
circuitiy  as  well  as  the  type  of  regulator  unit 
employed.  We  cannot,  therefore,  speak  on  this 
subject  in  a  general  manner.  For  any  particu- 
lar  unit,  you  will  have  to  depend  on  your  basic 
knowledges  and  reasoning  ability  to  determine 
the  cause  of  a  malfunction.  To  give  you  some 
practice,  we  will  describe  symptoms  and  diag- 
nose  specific  troubles  in  one  of  the  circuits  just 
studied. 

5-48.  If  the  output  voltage  of  the  regulator  in 
figure  18  is  abnormally  high  and  unregulated, 
the  trouble  will  likely  be  in  the  circuit  of  Or 
Because  there  is  no  regulation,  we  know  01  is 
not  functioning  properly.  Moreover,  we  can  rea- 
son that  the  collector  voltage  of  01  must  bci  high 
to  cause  a  high  output  voltage.  Three  troubles 
that  can  give  these  symptoms  are:  (1)  an  open 
between  the  Voltage  Adjust  and  +  output  ter- 
minal; (2)  an  open  transistor,  QI;  and  (3)  an 
open  Zener  diode,  Zl.  For  each  of  these  trou- 
bles the  series-regulating  transistors  05,  06,  and 
07  will  have  an  abnormally  high  forward  bias. 
Therefore,  practically  all  of  the  d-c  input  V,.  is 
"seen"  as  unregulated  voltage  at  the  output  of 
the  regulator.  Be  certain  that  you  understand 
why  the  troubles  specified  can  give  the  symp- 
toms described.  This  may  require  your  restudy- 
ing  the  regulating  principles  involved. 

6.  High-Voltage  Power  Supplies 

6-1.  By  means  of  a  siep-up  single-phase  or 
polyphase  transformer,  a-c  voltages  can  be  in- 
creased to  the  necessary  levels  to  obtain  desired 
rectified  high  voltages.  The  high  d-c  voltages  re- 
quired for  TV  equipments  are  :m  the  order  of 
thousands  of  volts.  For  high-power  equipments 
such  as  those  needed  for  broadcasting,  the  high- 
voltage  (HV)  supply  must  deliver  considerable 
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Fitfure  22.    Convfunonal  voltaic  doubler. 
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current.  Such  supplies  use  the  same  full-wave 
single-phase  and  polyphase  rectifier  circuits  that 
wc  discussed  in  the  preceding  section.  Of  course, 
the  input  transformers  must  step  up  the  vol- 
tages to  the  required  peak  values,  and  compo- 
nents must  be  rated  to  handle  high  voltages  and 
currents.  Like  low-voltage  power  supplies,  tube 
.liiil  siiliil-statc  rectifiers  arc  used.  . 

fi-2.  Since  high-power  H\*  supplies  do  not  dif- 
fer in  iipcruting  principles  from  those  just  stud- 
ied, we  will  give  our  full  attention  to  various 
types  of  low -power  HV  supplies  that  are  found 
in  TV  equipments.  Although  these  HV  supplies 
develop  20,000  volts  or  more,  load  current  is 
relatively  smalL  We  will  explain  how  such  out- 
puts can  be  obtained  by  voltage  multipliers  and 
by  rectification  of  pulses  or  an  oscillating  vol- 
tage. 

6-3.  Usually  the  a-c  source  and  d-c  load  are 
sufficiently  stable  so  that  regulation  is  not  neces- 
sary. Hmvever,  a  regulated  high  voltage  is  re- 
quired for  some  applications.  Therefore,  we  will 
analyze  circuits  which  keep  the  voltage  output 
constant  under  varying  load  conditions.  The 
final  portion  of  this  section  is  given  lo  diagnosing 
troubles  from  given  symptoms. 

6-4.  Voltage  Multipliers.  If  a  voltage  multi- 
pher  is  used,  it  is  not  necessary  that  a  transfor- 
mer step  up  the  a-c  voltage  to  as  high  a  value, 
!n  fact,  a  high  d-c  voltage  can  be  developed  by 
voltage  multiplication  without  a  transformer  at 
all.  Let  us  review  two  types  of  rectifying  circuits 
that  produce  a  d-c  output  voltage  which  is  about 
twice  the  peak  a-c  input  voltage;  then  we  will 
explain  how  higher  multiples  of  voltage  can  be 
developed  from  a  given  source. 

6-5.  dntvcntionol  voltage  double r.  In  figure  23 
the  rectifiers  are  connected  so  that  they  conduct 
forward  current  on  alternate  half-cycles.  During 
the  positive  alternations  of  the  secondary  voltage, 
the  upper  rectifier  conducts  IL  and  the  capacitor 
CI  charges  to  the  peak  secondary  voltage  E. 
During  the  negative  alternations  of  the  secondary 
voltage,  the  lower  rectifier  conducts  12  and  the 
capacitor  C2  charges,  also  to  the  peak  secondary 
voltage  E.  Since  the  polarity  of  the  charge  on 
C2  is  series-aiding  the  charge  on  Cl,  the  voltage 
across  the  output  terminals  is  2E  (approximately 
2.H  times  the  secondary  rms  voltage).  .Inasmuch 
as  both  the  charging  (via  the  rectifier)  and  dis- 
charging (via  the  load)  of  CI  and  C2  constitute 
the  nppic.  the  ripple  frequency  is  twice  the  fre- 
quency ol  the  input  a-c.  This  doubler  is  essen- 
tially a  full-wave  rectifier;  both  the  positive  and 
negative  alternations  Iced  power  to  the  load. 

6-6.  A  disadvantage  of  this  circuit  is  that  the 
input  and  output  are  at  different  d-c  voltage 
Icveis.  ii  the  lower  output  terminal  is  grounded. 


the  lower  end  of  the  secondary  is  E  volts  d-c 
above  ground.  On  the  other  hand,  if  one  side 
of  the  input  is  grounded  (as  will  necessarily  be 
the  case  for  a-c  taken  directly  from  a  power 
line),  neither  of  the  output  terminals  can  be 
grounded. 

6-7.  Cascade  voltage  multipliers,  A  circuit  that 
permits  one  side  of  both  input  and  output  to  be 
grounded  is  shown  in  figure  24.  Moreover,  by 
adding  sections  (the  heavy-lined  circuitry  in  fig- 
ure 24,B),  any  desired  multiplication  of  voltage 
can  be  obtained.  After  we  analyze  the  operation 
of  the  cascade  doubler,  we  can  readily  explain 
how  higher  degrees  of  multiplication  are  ac- 
quired. 

6-8.  For  convenience,  let  us  consider  the  neg- 
ative alternations  first  (see  fig.  24,A).  During 
these  alternations,  CRl  keeps  Cl  charged  to  E 
(about  1.4  rms),  with  a  polarity  as  indicated  in 
the  figure.  On  the  positive  alternations,  C2  is 
kept  charged  by  the  conduction  of  CR2.  When 
CR2  conducts  (forward  direction),  C2  "sees'* 
the  peak  a-c  input  voltage  which  is  series-aiding 
the  voltage  across  CL  Thus,  the  input  peak  E 
plus  the  voltage  E  on  Cl  charges  C2  and  2E. 

6-9.  Although  full-wave  rectification  occurs, 
the  output  capacitor  C2  is  charged  only  during 
the  positive  half-cycle.  Consequently,  the  ripple 
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Figure  24.    Cascade  vtfliafje  doubler  and  quadrupler. 
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¥hwe  25.    Cascade  voltage  muUipliers. 

frequency  of  the  cascade  doubler  is  that  of  a 
half-wave  rectifier,  equal  to  the  a-c  input  fre- 
quency. This  means  that,  like  the  half-wave  rec- 
tifier, the  cascade  doubler  is  not  suited  for  heavy 
loads.  Regulation  is  poor  and  fUtering  is  difficult. 

6-10.  For  light  loads  that  require  a  high  d-c 
voltage,  the  cascade  circuit  is  quite  popular,  since 
it  can  be  buUt  up  to  provide  the  desired  level  of 
output.  Refer  to  figure  24,B,  and  note  that  the 
heavUy  lined  circuitry  is  a  .  replica  of  the  cascade 
doubler  circuit.  It  is  therefore  possible  to  in- 
crease the  d-c  voltage  in  multiples  of  two  by 
adding  on  doubler  circuits. 

6-11  The  lightly  'ined  circuit  of  figure  24,B, 
is  identical  to  that  of  figure  24,A,  and  operates 
in  the  same  manner.  The  heavUy  lined  circuit 
differs  only  in  that  the,  voltage  across  the  input 
capacitor  C3  is  2E  rather  than  E.  Capacitor  C3 
is  kept  charged  to  2E  by  the  action  of  CRl  and 
CR3  These  two  rectifiers  effectively  place  C3 
in  parallel  with  C2.  Whenever  the  charge  on  C3 
is  less  than  that  of  C2,  CR3  is  forward  biased. 
So  when  CRl  becomes  forward  biased  during 
the  negative  half-cycle  of  the  source  a-c  input, 
C3  is  charged  by  C2.  We  see,  therefore,  that 
the  output  capacitor  C2  feeds  the  input  capaci- 
tor C3. 

6-12  Note  that  the  d-c  voltage  with  respect 
to  ground  (or  common)  at  point  a  is  E,  at  point 
b  is  2E,  at  poim  c  is  3E,  and  at  point  d  is  4E 
Additional  sections  wiU  give  5E  and  6E,  It.  ana 
8E,  and  so  on.  Figure  25,A,  shows  how  the  cir- 
cuit may  be  represented  schematically. 

6-13  A  similar  cascade  voltage  multiplier  cir- 
cuit is  illustrated  in  figure  25,B.  For  the  same 
number  of  sections,  however,  only  half  of  the 
value  of  d-c  voltage  is  developed.  Resistors  are 


used  to  replace  the  diodes  that  conduct  during 
the  negative  input  alternation.  Each  resistor  per- 
mits the  upper-line  capacitor  to  charge  dirough 
the  a-c  source  to  the  potential  of  the  lower-line 
capacitor.  Observe  in  figure  25,3,  that  the  upper- 
line  and  lower-line  capacitors  in  the  first  section 
(likewise,  in  subsequent  sections)  are  charged 
to  the  peak  input  a-c.  This  multiplier  draws 
source  current  only  on  the  positive  input  altern- 
ation. As  a  quadrupler,  it  requires  three  resistors 
and  three  more  capacitors  than  the  circuit  of 
figure  24,B. 

6-14.  Either  type  of  cascade  voltage  multiplier 
is  particularly  useful  as  a  high-voltage  low-cutrent 
supply.  Tube,  metallic,  or  crystal  rectifiers  can 
be  used.  Each  rectifier  must  withstand  twice  Uie 
peak  input  a-c  in  the  reverse  direction.  Regard- 
less of  the  amount  of  multiplication,  the  maxi- 
mum PIV  on  any  single  rectifier  is  2E.  Make 
sure  you  understand  why  this  is  true.  Also  prove 
to  yourself  that  the  ripple  frequency  is  the  same 
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Figure  26.    Flyback  HV  system. 
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as  the  input  a-c  regardless  of  the  amount  of  mul- 
tiplication. 

6-15.  Puis*  and  Oscillator  Types.  Although 
•r:a  high-voltage  transformer  can  be  excited  by  the 
-'vc  -iiJS-volt  a-c  line,  it  is  more  practical  to  use  a 
rrrJoipuUc,  an  oscillating,  or  a  transient  voltage  for 
^'J^j!,^^cUatipn  when  the  high-voltage  d-c  load  is 
-\oacj:?"^^"-  You  know,  for  example,  that  the  high- 
voltage  supplied  to  a  picture  tube  is  commonly 
excited  by  the  horizontal  output  stage  in  a  TV 
receiver.  The  current  drain,  which  is  less  than 
1  ma.  does  not  adversely  affect  the  operation  of 
the  stage. 

6- Kb.  After  briefly  discussing  flyback  pulse- 
type  high-voltage  supplies  which  should  be  famil- 
iar to  you,  wc  will  analyze  the  operation  of  some- 
what more  complex  supplies  which  incorporate 
regulating  circuitry. 

6-17.  Flyback  HV  system.  Th^circuits  shown 
in  figure  26  are  representative  ^  HV  supplies 
that  are  pulsed  by  the  horizontal  output  ampli- 
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Fffiurf  27.    Regulated  HV  power  supply. 


fier.  Both  systems  employ  autotransformer  ac- 
tion to  produce  a  high-voltage  spike  during  the 
flyback  time  of  the  horizontal  sweep.  This  short- 
duration  pulse  applied  to  rectjfier  VI  keeps  CI 
charged  to  provide  a  high  drc  voltage  output. 
Because  the  ripple  frequency  is  that  of- the  hori- 
zontal sweep  (usually  I  S^TSO-jjps),  filtering  is 
readily  accomplished  with  a  ^ma!l  capacitor 
(about  500 7«^).  — -  ' 

6-18.^llhough  different  flyback  transformers 
are  employed,  both  systerns  develop  a  boost  volt- 
age. The  diode  V2  (damper  for  the  horizontal 
deflection  coils)  provides  rectification  of  the  fly- 
bacJr  overshoot  pulse,  thereby  charging  C2  and 
C3  to  a  higher  than  B+  d-c  voltage.  This  boost 
voltage  is  usually  applied  to  the  plate  of  the  hori- 
zontal output  tube  and  may  also  be  applied  to 
other  circuits. 

6j;^l9.  A  definite  advantage  of  the  flyback  HV 
system  is  its  dependency  upon  the  horizontal  out- 
put for  excitation.  If  there  is  no  horizontal  out- 
put, there  is  no  high  voltage.  Thus,  a  failure  in 
the  horizontal  output  removes  the  high  voltage 
from  the  picture  lube.  This  prevents  a  stationary 
spot  from  appearing  on  the  screen  which  may 
burn  or  desensitize  it. 

6-20.  Regulated  HV  systems.  As  mentioned 
earlier,  most  HV  systems  do  not  need  to  be  regu- 
lated. Nevertheless,  it  is  well  that  you  understand 
how  regulation  is  obtained  when  required.  The 
two  systems  that  we  have  selected  to  explain 
operate  on  different  principles.  Unlike  the  fly- 
back pulse  type,  both  are  excited  with  oscilla- 
tors which  are  regulated  by  sensing-error  voltages 
in  the  HV  output. 

6-21.  The  system  shown  in  figure  27, A,  is 
made  up  of  a  high-frequency  oscillator,  conven- 
tional voltage  doubler,  and  voltage  divider  ar- 
rangement that  amplifies  any  error  voltage  de- 
veloped across  Rl.  We  have  drawn  the  circuit 
of  VI  so  that  you  can  readily  recognize  it  as  a 
Hartley  type  oscillator.  The  oscillating  signal  is 
impressed  across  the  prim arj^of  the  transformer, 
T.  Now'trace  through  the'^cf?CBit  containing  the 
transformer*s  secondary,  •yXl'sh,  Rl,  C3,  and 
C2.  Compare  this  circuirwitrr^Yhat  of  figure  23 
and  you  will  see  that  it ^4s.  essentially  the  same. 
The  resistor  Rl  is  nefFSecI  to  develop  a  bias  for 
V4.  Moreover,  it  is  5(S'6ss^jthis  resistor  that  any 
change  in  the  HV  output^^s  Sensed  and  coupled 
to  the  grid  of  V4.  The  circulP^:ontaining  V4  and 
V5  operates  as  a  variable  voltage  divider  that 
adjusts  the  screen  grid  potential  of  VI.  A  change 
in  screen  grid  potential  changes  the  amplification 
factor  of  VI  and  therefore  the  amplitude  of  the 
oscillating  signal.  Since  this  signal  is  the  excita- 
tion to  the  HV  rectifiers,  any  change  in  its  am- 
plitude affects  the  high-voltage  d-c  output. 
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Figure  28.    Waveforms  associated  with  figure  27,  B. 


6-22.  Now  let's  look  at  specific  cases.  Assume 
a  load  variation  that  would  tend  to  change  the 
HV  output.  Suppose  load  current  increases.  The 
HV  would  tend  to  drop  because  C2  and  C3  de- 
liver more  current.  This  means  that  V2  and  V3 
pass  more  current  and  the  average  current 
through  Rl  increases;  capacitor  CI  acquires  a 
more  negative  charge.  With  increased  bias  ap- 
plied, V4  conducts  lesr,  thereby  decreasing  the 
bias  on  VS.  Thus,  the  voltage  at  the  plats  of 
V4  rises,  applying  a  more  positive  potential  to 
the  screen  grid  of  VI.  Since  this  increases  the' 
amplitude  of  the  oscillating  signal  generated,  ex- 
citation is  increased  to  counteract  the  drop  in 
HV  caused  by  loading.  Opposite  actions  would 
occur  if  the  HV  tended  to  rise. 

6-23.  Excellent  regulation  is  achieved  because 
the  error  voltage  is  amplified  by  both  V4  and 
V5  in  the  voltage  divider  circuit.  Thinking  of 
this  circuit  in  terms  of  resistance,  note  that  when 
the  error,  makes  the  resistance  of  V4  increase, 
there  is  an  immediate  resistance  decrease  of  V5. 
Conversely,  a  resistance  decrease  of  V4  causes 
a  resistance  increase  of  V5. 

6-24.  Because  excitation  is  obtained  from  a 
free-running  oscillator,  provision  should  be  made 
to  remove  high  voltage  from  a  picture  tube  or 
camera  tube  when  there  is  sweep  failure.  Such 
protection  is  not  needed,  however,  if  a  driven 
oscillator  is  employed.  The  system  shown  in  fig- 
ure 27,B,  contains  such  an  oscillator.  Transistor 
01  is  driven  "on"  and  **ofr  by  the  input  signal 


applied  to  its  base  (see  fig.  28,A).  Each  nmc 
Ql  cuts  off,  tlie  auto  transformer  is  shock-ex- 
cited and  oscillates  as  illustrated  at  its  natural 
resonant  frequency.  As  soon  \s  Ql  is  driven  into 
conduction,  however,  the  oscillations  cease.  You 
need  bear  in  mind  that  there  is  no  HV  excitation 
when  Ql  is  **on." 

6-25.  The  operation  of  this  system  is  noimally 
dependent  upon  positive  trigger  pulses  which  gate 
the  SCR.  It  is  so  designed  that  the  SCR  will  not 
fire  unless  gated.  Since  the  positive  triggers  which 
gate  the  SCR  are  obtained  from  the  horizontal 
output  (flyback  pulses),  the  system  becomes  in- 
operative- when  there  is  no  horizontal  output.  To 
clarify  this,  we  will  assume  that  no  input  triggers 
are  present  and  will  determine  the  condition  of 
the  system.  With  the  SCR  off,  CI  charges  and  Ql 
is  forward  biased.  As  pointed  out,  when  01  is 
conducting  there  are  no  oscillations:  therefore, 
there  is  no  HV  output.  The  system  wiH  stay  this 
way  indefinitely. 

6-26.  Now  let  us  apply  a  positive  input 
trigger.  Once  the  SCR  is  gated.  CI  rapidly  dis- 
charges; this  reverse  biases  01.  Because  01  cuts 
off,  the  transformer  is  shock  excited  and  C2  is 
charged  via  the  rectifying  diode  lo  develop  an 
HV  output.  After  CI  has  discharged,  the  SCR 
cuts  off  and  CI  again  charges  to  the  bi:iR  wiiich 
causes  01  to  conduct.  Transistor  01  remains 
conducting  until  another  trigger  fires  the  SCR 
and  the  cycle  is  repeated. 

6-27.  If  vou  understand  what  has  been  said 
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so  far.  you  will  easily  follow  our  explanation  of 
how  this  system  regulates  its  HV  output.  We  will 
assume  the  HV  output  tries  to  increase.  Observe 
in  figure  27.B,  that  the  increase  is  sensed  on 
the  emitter  of  01.  Since  the  emitter  is  made 
more  positive,  the  base  must  have  a  higher  po- 
tential before  01  will  conduct  Such  being  the 
case;  CI  will  charge  to  a  higher  potential.  Note 
in  figure  28,B.  that  this  effectively  reduces  the 
conduction  time  of  01.  Because  the  amount  of 
primary  current  is  likewise  reduced,  the  ampli- 
tude of  excitation  is  decreased  as  illustrated.  The 
decrease  in  excitation  counteracts  the  HV  in- 
crease and  therefore  regulates  the  system.  The 
opposite  actions  occur  when  the  HV  tends  to 
decrease.  It  will  benefit  you  to  figure  this  out. 
You  should  also  determine  how  the  voltage  ad- 
just potentiometer  affects  the  system. 

6-28.  We  need  to  mention  that  the  Zener 
diodes  are  connected  in  series  from  the  collector 
of  01  to  ground  as  a  protective  measure.  Upon 
cutoff,  the  collector  voltage  rises  and  falls  sharply 
to  values  that  may  exceed  the  transistor's  maxi- 
mum rated  inverse-peak  or  punch-through  volt- 
age. These  Zener  diodes  have  breakdown  volt- 
ages below  the  transistor's  maximum  rated 
values;  therefore,  they  shunt  damaging  positive 
or  negative  pulses  to  ground. 

6-29.  Symptoms  and  Troubles.  Many  of  the 
symptoms  and  troubles  found  in  HV  power  sup- 
plies are  similar  to  those  discussed  for  low-volt- 
age supplies.  However,  troubles  related  to  high- 
frequency  excitation  have  symptoms  peculiar  to 
an  HV  system.  To  bring  this  to  your  attention, 
let  us  cite  specific  symptoms  and  determine,  as 
previously  done,  the  possible  trouble  or  troubles. 

6-30.  Suppose  the  kinescope  suddenly  goes 
blank,  the  picture  and  raster  disappear.  Since 
the  kinescope  needs  high  voltage  to  have  a  raster, 
wc  can  reasonably  suspect  that  the  trouble  may 
be  in  the  HV  supply.  Quick  visual  checks  should 
be  made,  however,  before  investigating  the  HV 
circuits.  The  filaments  of  the  kinescope,  the  tubes 
in  the  low-voltage  power  supply,  and  those  in 
the  horizontal  circuits  should  be  checked  to  de- 
termine that  they  are  lit.  Unless  the  tubes  in  the 
horizontal  circuits  are  lit,  the  HV  circuit  will  not 
have  excitation.  Assuming  that  all  is  well  up  to 


this  point,  let  us  look  into  the  HV  system.  If  the 
damper  diode  and  HV  rectifier  are  tubes,  both 
should  be  lit.  Ordinarily,  since  the  HV  rectifier 
tube  obtains  its  filament  voltage  from  the  flyback 
transformer  (see  fig.  26),  a  lit  rectifier  tube  in- 
dicates that  excitation  is  present. 

6-31.  Having  completed  the  visual  checks, 
turn  the  equipment  ''off  and  discharge  the  high- 
voltage  supply.  Ohmmeter  readings  can  now  be 
taken  to  check  the  high-voltage  fuse  and  the  re- 
sistor in  the  HV  lead  and  to  make  continuity 
checks.  An  open  in  the  HV  circuit,  of  course, 
will  give  the  symptoms  previously  described. 

6-32.  If  ohmmeter  checks  reveal  that  nothing 
is  wrong,  voltmeter  readings  may  indicate  the 
trouble.  Do  not  attempt  to  measure  the  high 
voltage  unless  special  high-voltage  probes  are 
used.  Even  lit  tubes  can  be  defective.  As  you 
know, .  you  must  substitute  or  check  the  tubes 
when  voltage  readings  are  abnormal. 

6-33.  Certainly,  there  may  be  variations  in  the 
sequence  of  checks,  but  sound  thinking  based  on 
the  symptoms  observed  is  important.  Hiis  can- 
not be  done  unless  you  have  a  thorough  know- 
ledge of  the  operating  principles  of  HV  power 
supplies.  It  is  evident  that  a  symptom  or  set  of 
symptoms  can  be  caused  by  many  types  of 
troubles. 

6-34.  In  a  regulated  HV  system,  symptoms  can 
point  to  a  specific  type  of  trouble.  For  example, 
suppose  the  HV  of  the  circuit  in  figure  27,A,  is 
unstable  and  lower  than  normal.  The  fact  that 
it  is  unstable  immediately  points  to  the  sensing 
circuit  because  changes  in  the  HV  load  are  not 
being  regulated.  Furthermore,  since  the  HV  is 
lower  than  normal,  we  can  reason  that  the  output 
of  oscillator  VI  is  below  normal.  Let  us  consider 
a  trouble  in  the  sensing  circuit  that  will  cause 
these  symptoms. 

6-35.  Suppose  CI  is  shorted.  There  will  be 
neither  a  bias  nor  an  error  voltage  developed  on 
the  grid  of  V4.  Because  the  grid  of  V4  is  at 
ground  potential,  the  plate  voltage  of  V4  will  be 
low.  Consequently,  there  is  a  lower  voltage  ap- 
plied to  the  screen  grid  of  VI.  This  causes  an 
abnormally  low  oscillator  output  amplitude  and 
accounts  for  a  decreased  HV.  So  we  see  that 
when  CI  is  shorted,  the  symptoms  described  will 
occur. 
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THE  SYNC  GENERATOR  establishes  the 
TV  pulse  rates;  therefore,  it  is  often  called 
the  heart  of  a  TV  system.  It  can  also  be  con- 
sidered the  nerve  center  since  its  signal-gener- 
ating and  waveshaping  circuits  control  the  timing 
sequence  that  governs  the  operation  of  the  entire 
system.  Such  vital  functions  should  be  well  un- 
derstood by  maintenance  personnel.  To  further 
your  knowledge  of  the  operating  principles  in- 
volved, we  have  selected  various  types  of  sync 
generators  for  study  in  this  chapter.  We  progress 
from  a  simple  noninterlace  type  to  ths  more  com- 
plex interlace  types. 

2.  Many  of  the  circuits  are  basic  ones  that 
were  analyzed  in  your  previous  training;  there- 
fore, our  analysis  will,  for  the  most  part,  be 
based  on  block  diagrams.  Only  special  circuits 
will  be  discussed  in  detail.  Our  objective  is  to 
enable  you  to  analyze  the  operation  of  a  variety 
of  sync  generators  so  that  you  can  perform  main- 
tenance on  the  many  types  found  in  AF  appli- 
cations. 

7.  Noninforlaco  Sync  G«n«rafors 

7-1.  The  sync  generator  is  a  simple  noninter- 
lace (also  called  a  sequential  or  progressive) 
system  produces  a  minimum  of  signal  outputs. 
We  will  identify  these  signals  and  explain  how 
they  may  be  produced.  A  more  elaborate  system 
will  then  be  studied.  The  basic  sections,  perti- 
nent waveforms,  and  possible  adjustments  are 
considered  for  both  types  of  sync  generators  cov- 
ered in  this  section. 

7-2.  Simplest  Type  The  essential  outputs  for 
any  TV  system  are  sync  and  blanking  signals. 
As  you  know,  two  sync  signals  are  necessary, 
one  to  control  horizontal  scanning  and  the  other 
to  control  vertical  scanning.  Two  blanking  sig- 
nals are  also  required  to  prevent  the  horizontal 
and  vertical  '^ittiaces  from  appearing  during  the 
flyback  times.  The  simple  sync  generator  illus- 
trated in  figure  29  contains  a  blanking  mixer  that 
produces  a  composite  ^lankin^  waveform.  This 


mixer,  in  addition  to  the  horizontal  and  vertical 
oscillator,  constitute  the  three  basic  sections  of 
this  sync  generator. 

7-3.  In  a  noninterlace  system  there  is  no  need 
for  any  tie-in  between  the  horizontal  and  verti- 
cal oscillators.  A  variation  in  frequency  of  one 
or  the  other  changes  the  frames  per  second  or 
lines  per  frame.  For  many  practical  purposes 
this  is  of  no  consequence  and  is  not  noticeable. 
The  vertical  oscillator  can  be  a  blocking  oscil- 
lator (tube  or  transistor  type)  that  is  locked-in 
with  the  60-cycle  line.  A  vertical  sweep  signal 
can  be  obtained  from  this  oscillator  since  a  saw- 
tooth waveform  appears  across  the  blocking  ca- 
pacitor during  the  cutoff  time.  This  waveform 
can  be  amplified  and  fed  to  the  vertical  deflec- 
tion coils,  as  indicated  in  figure  29.  Recall  that 
a  blocking  oscillator  generates  sharp  pulses  when 
the  tube  (or  transistor)  conducts.  Note  in  the 
block  diagram  that  these  pulses  are  fed  to  the 
vertical  sync  buffer  and  the  blanking  mixer.  The 
buffer,  of  coarse,  minimizes  loading  effects  on 
the  oscillator  and  also  provides  amplification. 

7-4.  Either  by  means  of  a  waveshaping  net- 
work or  by  special  circuit  design,  the  horizontal 
oscillator  generates  ^  the  signal  for  horizontal 
scanning.  In  addition,  like  the  vertical  oscillator, 
it  produces  sync  pulses  which  are  applied  to  a 
buffer  amplifier.  Its  frequency  is  usually  in  the 
vicinity  of  20  kc.  Observe  in  figure  29  that  this 
oscillator's  output  is  also  fed  to  the  high  voltage 
rectifier  that  is  readily  excited  via  a  step-up 
transformer.  This  amounts  to  having  a  flyback 
HV  system,  the  operation  of  which  was  discussed 
in  the  previous  chapter. 

7-5.  Adjustments  that  affect  vertical  linearity 
and  height  are  generally  made  in  the  vertical 
oscillator  section.  Tuning  provisions  are  ordi- 
narily not  provided  since  the  frequency  is  60 
cps  and  locked  to  the  line.  The  horizontal  oscil- 
lator section  has  adjustments  that  make  it  pos- 
sible to  change  the  amplitude  of  the  outputs; 
tuning  may  or  may  not  be  variable,  depending 
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Upon  ihc  particular  system.  If  this  very  simple 
type  of  sync  generator  is  adjusted  to  produce  a 
1 5. 75-kc  horizontal  frequency,  its  output  pulses 
can  be  used  for  locking  a  standard  broadcast 
TV  receiver. 

7-6.  Muldple*Pulse  Type.  Figure  30  shows  a 
sync  generator  that  produces  several  pulse  wave- 
forms; mixed  sync,  mixed  blanking,  vertical 
drive,  and  horizontal  drive  signals.  Such  a 
variety  of  outputs  may  be  required  for  a  more 
elaborate  noninterlace  system.  The  mixed  sync 
can  be  inserted  with  the  camera's  output  to  ob- 
tain a  composite  video  signal  for  single-cable 
transmission  or  for  modulation.  The  mixed 
blanking  signal  is  fed  to  the  camera  as  are  the 
separate  vertical  and  horizontal  drive  pulses.  Un- 
like the  simple  sync  generator  previously  dis- 
cussed, this  sync  generator  produces  sync  and 
blanking  pulses  that  differ  in  pulse  width.  The 
vertical  and  horizontal  blanking  pulses  are  usu- 
ally greater  than  twice  the  width  of  their  cor- 
responding sync  pulses.  Waveshaping  and  pulse- 
forming  circuits  are  therefore  necessary  to  bring 
about  this  difference. 

7-7.  Functional  analysis.  The  60-cps  line  sig- 
nal is  shown  in  figure  30  to  be  the  input  to  a 
waveshaping  network,  called  a  squarer  and 
peaker,  which  is  nothing  more  than  an  over- 
driven amplifier  and  differentiating  circuit.  Be- 
cause the  60-cps  input  signal  causes  positive  and 
negative  clipping,  a  square-wave  output  is  ob- 


tained from  the  amplifier.  This  output  is  applied 
to  a  short-time  constant  RC  series  circuit  so  that 
positive-  and  negative-going  spikes  appear  across 
the  resistor.  The  positive-going  spikes  precisely 
synchronize  the  vertical  oscillator  frequency  with 
the  60-cps  line  frequency.  The  shaping  of  the 
vertical  oscillator  output  pulses  to  a  prescribed 
height  and  width  is  done  by  the  vertical  ampli- 
fier-clipper. The  amplifier-clipper  output  pulses* 
are  applied  to  a  blanking  shaper  and  also  to  a 
drive  shaper.  In  addition  to  squaring-up  the 
vertical  pulse,  the  drive  shaper  narrows  it  to 
about  half  the  width  of  the  vertical  blanking 
pulse.  These  narrowed  pulses  are  fed  into  the 
sync  mixer  and  out  to  the  camera(s)  for  trig- 
gering the  vertical  sweep. 

7-8.  The  horizontal  oscillator  is  a  free-run- 
ning type  designed  to  operate  with  some  block- 
ing action.  Pulses  from  it  are  shaped  for  hori- 
zontal blanking  and  drive.  Like  the  vertical 
drive  shaper,  the  horizontal  drive  shaper  de- 
creases the  pulse  width  so  that  it  is  about  half 
that  of  the  horizontal  blanking  pulse.  The  output 
of  the  horizontal  drive  shaper  is  used  to  trigger 
the  camera's  horizontal  sweep;  this  output  is  also 
sent  to  the  sync  mixer. 

7-9,  Both  the  blanking  mixer  and  sync  mixer 
are  designed  so  that  the  horizontal  pulses  do  not 
appear  in  the  output  during  the  vertical  pulse 
time.  Figure  31, A,  illustrates  how  this  is  easily 
accomplished  by  clipping  the  horizontal  pulses 
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that  ride  the  vertical  pulse.  Figure  3I,B,  further 
illustrates  that  because  of  the  difference  in  pulse 
widths,  horizontal  sync  (same  for  drive)  is  re- 
sumed before  the  vertical  blank  pulse  terminates. 
Therefore,  the  horizontal  oscillator  will  be 
locked-in  before  picture  information  appears  on 
the  screen.  For  example,  if  the  vertical  sync 
pulse  is  half  that  of  a  I620-/Ltsec  blanking  pulse, 
we  can  determine  the  number  of  15.75-kc  hori- 
zontal syncs  (63.5-/Ltsec  pulse  period)  that  will 
be  present  during  vertical  blanking  by  dividing 
810  /Ltsec  by  63.5  /Ltsec.  This  gives  us  12  hori*: 
zontal  sync  pulses  before  picture  information  ap- 
pears on  the  screen. 

7-10.  Adjustments  aHd  troubles.  Adjustments 
and  alignment  of  the  pulses  are  made  in  the 
pulse-forming  circuits  of  the  clipper  or  shapers. 
Since  the  vertical  oscillator  does  not  generate 
the  sweep  waveform,  as  was  the  case  for  the 
simple  sync  generator  described,  linearity  and 
height  adjustments  are  not  needed.  Provision  is 
made,  however,  to  adjust  the  output  pulse  width 
of  the  vertical  oscillator  if  this  is  critical.  Ordi* 
narily,  the  vertical  oscillator  will  not  be  tunable. 
But  a  transformer  feedback-type  horizontal  os- 
cillator will  likely  be  slug  tuned;  for  versatility, 
this  oscillator  may  be  so  designed  that  it  can  be 
tuned  to  operate  at  the  lS.75-kc  standard  scan 
rate. 

7-11.  Let  us  give  some  thought  to  troubles 
that  can  be  indicated  by  waveform  presentations. 
Suppose,  for  example,  that  the  vertical  pulse  of 
the  mixed  sync  output  is  abnormally  wide;  a 
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check  of  the  mixed  blanking  output  is  norna!, 
as  illustrated  in  figure  31,3.  It  i<:  logical  to  sus- 
pect that  the  trouble  is  in  the  pulse-shaping  cir- 
cuit of  the  vertical  drive  shaper.  This  can  be 
confirmed  by  testing  the  signals  at  TP4  and  TP3, 
figure  30.  A  different  trouble  would  be  indi- 
cated if  the  vertical  blanking  pulse  was  also  too 
wide.  The  signals  illustrated  at  TPl  and  TP2 
should  point  up  the  trouble.  Depending  upon 
the  shapes  of  the  waveforms  at  these  test  points, 
you  can  isolate  the  trouble  to  a  section:  squarer 
and  peaker,  vertical  oscillator,  or  vertical  am- 
plifier/clipper. Similarly,  troubles  that  evidence 
themselves  as  waveform  abnormalities  can  be 
tracked  down  and  identified  with  a  particular 
section. 

8.  Interloce  Sync  Generators 

8-1.  When  many  of  us  think  of  interlace 
scanning,  a  complicated  composite  signal  comes 
to  mind.  This  is  natural  since  the  Electronic  In- 
dustries Association  (EIA,  formerly  RETMA) 
composite  signal  standards  arc  widely  used.  In 
the  latter  portion  of  this  section  we  will  analyze 
the  sync  generator  required  to  produce  standard 
output  waveforms.  But  before  becoming  in- 
volved with  such  a  complex  sync  generator,  it  is 
well  for  you  to  realize  that  interlace  scanning 
can  be  accomplished  with  a  relatively  simple 
sync  generator.  A  simple  type  may  be  quite 
satisfactory  for  certain  closed  circuit  applica- 
tions: this  being  the  case,  a  more  costly,  elabo- 
rate type  would  not  be  warranted.  Since  you  may 
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have  to  maintain  a  simple  interlace  sync  gener- 
ator, you  should  know  what  it  consists  of  and  un- 
derstand how  it  functions.  Furthermore,  by  study- 
ing its  basic  sections  and  the  requirements 
peculiar  to  any  interlace  system,  you  can  further 
your  understanding  of  the  more  complex  so- 
phisticated types. 

8-2.  Requirements  for  Interlace.  Unlike  the 
nonimcrlacc  system,  an  interlace  system  must 
have  a  riuid  control  established  between  the  hor- 
izontal and  vertical  scanning.  Such  control  can 
be  achieved  in  either  of  two  ways:  (I)  each 
oscillator,  vertical  and  horizontal,  can  be  pre- 
cisely timed,  or  (2)  a  fixed  timing  relationship 
between  the  horizontal  and  vertical  scans  can 
be  maintained.  Since  the  first  way  demands  ex- 
treme stability,  the  second  way  is  more  prac- 
tical. By  using  a  master  oscillator  and  counters 
(frequency  dividers),  a  fixed  timing  relation- 
ship is  maintained  such  that  the  ratio  of  scan- 
ning frequencies  is  constant.  You  know  that  the 
standard  ratio  in  this  country  is  262  +  ^^2,  which 
is  the  quotient  obtained  when  15.750  pps  is  divi- 
ded by  .60  pps.  It  is  absolutely  essential  that 
this  quotient  be  an  integral  number  plus  a  half. 
This  insures  that  the  vertical  scan  will  alternately 
terminate  on  a  half  line  and  whole  line,  thereby 
positioning  successive  sets  of  lines  (fields)  be- 
tween each  other. 

8-3.  Ba^ic  sections.  In  figure  32  are  the 
four  basic  sections  of  an  interlace  sync  genera- 


tor. Admittedly,  four  sections  are  inadequate  to 
provide  the  degree  of  reliability  needed  for  prac- 
tical applications.  Nonetheless,  let  us  discuss 
these  sections  because  they  are  essential  to  all 
our  standard-frequency  interlace  sync  genera- 
tors. 

8-4.  Since  the  master  oscillator  (mo)  gener- 
ates the  timing  pulses  that  govern  the  entire  sys- 
tem, it  must  be  highly  stable.  There  are  various 
types  that  can  be  designed  to  meet  this  require- 
ment. In  your  previous  training  you  have  studied 
multivibrators  and  blocking  oscillators  that  are 
commonly  used;  therefore,  you  should  have  little 
difficulty  recognizing  and  understanding  the  op- 
eration of  modified  versions  that  may  be  used. 
The  mo  generally  has  an  adjustment  to  alter  its 
frequency.  Other  adjustments  may  also  be  pro- 
vided to  vary  its  pulse  width  and  to  set  the 
midpoint  of  its  range.  In  a  standard  system,  it 
will  generate  pulses  at  twice  the  horizontal  scan 
frequency  ( 3 1 .5  kc ) .  These  pulses  are  divided  by 
the  2:1  counter  to  provide  timing  the  horizontal 
sync  and  blank  to  the  standard  line  scan  rate 
(15.75  kc).  The  vertical  scan  rate  is  established 
by  the  525:1  counter  section  which  divides  the 
mo  pulses  to  produce  60  pps  for  timing  the  verti- 
cal sync  and  blank. 

8-5.  In  case  you  do  not  fully  appreciate  the 
fixed  ratio  relationship  that  is  maintained  by  this 
scheme  of  counters,  let  us  note  the  results  when 
the  mo  frequency  shifts.  Suppose  the  mo  output 
increases  to  32,550  pps.  Dividing  by  two  we 
find  the  horizontal  scan  rate  is  16,275  cps. 
Dividing  by  525,  the  vertical  scan  rate  is  62 
cps.  This  tells  us  that  there  are  more  lines  per 
second  and  moi'e  fields  per  second  than  normal, 
but  our  primary  interest  is  in  the  number  of  lines 
per  field.  This  ratio  is  determined  by  dividing 
16.275  cps  by  62  cps.  Doing  so,  we  learn  that 
there  are  still  262  Vi  lines  per  field.  Whatever 
mo  frequency  change  you  may  assume  will  give 
the  same  ratio;  therefore,  you  must  conclude  that 
this  ratio  262  V4  is  fixed  for  the  system  if  the 
counters  divide  properly. 

8-6.  Counters.  Three  commonly  used  circuits 
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for  dividing  puise  frequencies  in  sync  generators 
are  the  m  iltivibrator  counter,  the  blocking-oscil- 
lator counter,  and  the  step-counter.  These  cir- 
cuits are  shown  for  your  review  in  figure  33. 
Recognize  the  similarity  of  the  transistor  con- 
figuration with  the  tube  circuits  which  are  per- 
haps more  familiar  to  you.  The  operating  prin- 
ciples are  identical  whether  tube  or  transistor. 
Since  you  should  know  how  these  circuits  func- 
tion«  we  will  not  analyze  them  in  this  course. 
However,  we  will  point  out  a  few  significant 
facts  for  you  to  remember.  In  figure  33,A,  note 
that  the  time  constant  of  the  base  circuit  Qi  is 
shorter  than  that  of  Qz.  This  is  evident  from  the 
waveforms  at  TPl  and  TP2  which  show  Qa  con- 
ducting (Qi  cut  off)  foir  two  pulse  periods  and 
cut  off  (Qi  conducting)  for  three  pulse  periods. 
The  resistors  R|  and  Rs  are  necessary  to  properly 
bias  the  transistors.  These  resistors  would  not  be 
needed  in  a  similar  tube  multivibrator.  Figure 
33. B,  shows  the  transistor  version  to  be  very  much 
like  a  conventional  tube  blocking  oscillator 
v.ounter.  Bias,  of  course,  is  different;  it  can  be  ad- 
justed with  R.  The  step-counter,  figure  33,C,  cor- 
responds to  the  tube  step-counter  you  have  stud- 
ied. Recall  that  the  step-charging  circuit  works 
into  a  blocked  oscillator.  By  means  of  R,  bias  can 
be  adjusted  to  unblock  the  oscillator  and  dis- 
charge C  at  the  prescribed  level.  Unlike  the 
other  two  types  of  counters,  this  circuit  is  not 
free-running.  Incoming  pulses  directly  control 
the  count;  therefore,  it  is  less  susceptible  to  mis- 
count caused  by  trigger  frequency  variations.  It 
is  more  precise,  but  it  is  limited  to  a  maximum 
count  of  about  10,  because  the  steps  do  not  in- 
crease in  equal  increments  (see  fig.  33,C).  Sta- 
bility of  the  count  becomes  more  subject  to  cir- 


cuit variations  as  the  voltage  step  decreases  at  the 
higher  levels. 

8-7.  The  stability  of  the  trigger's  amplitude  is 
important  for  all  three  counters  mentioned.  Fur- 
thermore, the  higher  the  count,  the  more  strin- 
gent becomes  the  stability  requirement.  Al- 
though special  circuits  have  been  designed  for 
high  counts,  a  simple  resonant  circuit  can  im- 
prover stability  to  a  marked  degree.  Figure  34 
shows  how  such  a  circuit  modifies  the  normal 
grid  waveform  of  the  blocking  oscillator  counter. 
The  resonant  stabilizer  is  tuned  to  approxi- 
mately 1.5  the  free-running  oscillator  frequency 
so  as  to  produce  a  trough  just  prior  to  the  de- 
sired fifteenth  trigger  pulse.  Consequently,  the 
preceding  pulses  that  are  likely  to  trigger  the 
oscillator  prematurely  appear  well  below  the 
conduction  level. 

8-8.  Not  as  commonplace  as  other  circuits, 
the  phantastron  circuit  can  be  designed  for  reli- 
able counting.  Ordinarily,  this  circuit  is  em- 
ployed for  pulse  delay,  but  let  us  consider  how 
its  operation  lends  itself  to  counting,  Figrirf 
35  shows  the  phantastron  counter  circuit  and 
waveforms  which  we  will  refer  to  in  our  expla- 
nation. Specific  potentials  have  been  chosen  to 
give  you  an  idea  of  the  magnitude  of  voltages 
involved.  These  values  should  be  regarded  as 
approximate  and,  of  course,  will  depend  on  the 
particular  tube  employed. 

8-9.  To  begin,  note  that  there  is  one  output 
pulse  (waveform  Co)  for  every  five  input  pulses 
(waveform  eO.  Every  fifth  input  pulse  triggers 
the  phantastron  to  cause  a  complete  cycle  of  its 
operation.  This  circuit  is  not  free-running;  it 
must  be  activated  by  a  negative-going  pulse.  In 
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its  prctrigsered  condition  ihcre  is  no  piiitc  cur- 
rent; thus  the  plate  ir  ai  B  -f  potential.  However, 
cathode  current  flows  since  grid  2  draws  cur- 
r'jnt.  Because  grid  3  is  biased  at  a  less  positive 
potential  (e^a)  than  the  cathode, -this  grid  does 
not  draw  current  and  prevents  current  flow  to 
the  plate.  Study  the  waveform  values  immedi- 
ately prior  to  t5.  These  potentials  will  persist 
until  the  circuit  is  triggered. 

8-iO.  You  can  best  understand  the  action  of 
the  phantastron  when  it  is  triggered  by  dividing 
it  into  three  successive  phases.  The  first  phase 
is  an  extremely  rapid  change  which  occurs  when 
the  negative  trigger,  coupled  through  CI  to  the 
control  grid,  causes  e^  to  decrease.  This  de- 
creases the  bias  between  grid  3  and  the  cathode, 
thereby  permitting  plate  current  to  flow.  Con- 
sequently, plate  voltage  ep  drops  to  give  regen- 
erative feedback  and  drives  the  control  grid  in- 
stantaneously to  a  negative  value  (— 5v),  You 
can  see  the  effects  of  this  action  by  studying  the 
tr,  waveforms  in  figure  35.  The  second  phase  is 
a  slow  linear  change.  After  the  trigger,  Cx 
gradually  goes  positive  because  of  counteraction 
of  the  decreasing  plate  voltage  e^.  The  lime  con- 
stant of  this  change  is  effectively  extended  by 
the  amplifying  action  of  the  tube.  It  is  worth- 
while to  point  out  tha:  during  this  second  phase 
the  input  pulses  at  times  ti,  t^,  and  t4  are 
ineffective.  In  fact,  they  are  blocked  by  the  ac- 
tion of  the  disconnect  diode  Di.  From  the 
waveforms  illustrated,  you  can  see  the  changes 
that  take  place  during  this  phase.  The  third 
phase  is  initiated  when  en  rises  to  such  a  value 
that  the  bias  between  the  cathode  and  grid  3 
cuts  off  plate  current.  When  this  happens  the 
circuit  reverts  back  to  its  pretriggered  condition. 
The  next  trigger,  tr>,  causes  the  cycle  to  recur. 

8-11.  Observe  that  the  output  is  taken  off  the 
cathode  and  applied  across  C^  and  in  se- 
ries. The  time  constant  R2C2  is  short  for  the 
waveform  eK  so  that  positive-and  negative-going 
spikes  appear  across  R.*.  The  diode  passes 
onlv  the  negative  spikes  as  illustrated  in  figure 
35.' 

8-12.  The  phantastron  is  quite  stable  under 
power  supply  variations.  Changes  of  supply  volt- 
age vary  the  d-c  potentials  proportionally  on  the 
tube  elements  and  are  therefore  minimized;  over- 
all circuit  performance  is  virtually  unaffected. 
Because  the  pulse  width  can  be  varied  by  a  d-c 
voltage,  the  circuit  can  be  remotely  controlled 
through  unshielded  cables.  Note  also  in  figure 
35  that  control-grid  bias  is  variable.  A  change 
in  this  bias  alters  the  pulse  width  so  that  the 
phantastron  can  be  adjusted  for  its  designed 
count.  Although  we  chose  to  illustrate  a  five 
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count,  much  higher  counts  can  be  readily  ob- 
tained. 

8-13.  Random  Interlace  Type.  In  addition  to 
the  basic  sections,  a  practical  interlace  sync  gen- 
erator will  contain  an  afc  network  and  a  crystal 
control  oscillator.  Figure  36  shows  their  inclu- 
sion  and  arrangement.  However,  since  we  have 
discussed  counters,  let  us  first  consider  how 
pulses  of  a  desired  width  and  shape  can  be  ob- 
tained as  outputs  from  the  counters.  By  studying 
the  output  waveforms,  you  will  see  why  this  sync 
generator  is  called  a  random  interlace  type.  Then 
we  will  discuss  afc  and  the  use  of  the  crystal 
control  oscillator  for  calibration. 

8-14.  Outputs.  With  the  switch  S2  in  the  po- 
sition shown  (fig.  36),  the  31.5-kc  signal  is  sup- 


plied by  the  mo  to  the  2:1  counter  to  develop 
horizontal  output  pulses  and  to  the  15:1  and 
subsequent  counters  to  develop  vertical  output 
pulses.  We  see  that  both  horizontal  and  vertical 
pulses  are  fed  into  a  mixer,  the  output  of  which 
is  a  composite  signal.  The  three  outputs  from  this 
sync  generator  are  the  minimum  required.  The 
horizontal  and  vertical  outputs  synchronize  and 
drive  the  scanning  circuits  to  produce  the  proper 
raster.  The  output  pulses  of  the  mixer  are  sent 
to  the  camera  for  blanking  and  become  the  sync/ 
blank  pulses  in  the  camera's  composite  video  out- 
put signal.  Indeed  this  is  a  simple  system,  but 
it  is  important  to  recognize  that  the  require- 
ments for  interlace  are  met.  This  is  brought  to 
your  attention  in  figure  37,  which  shows  the  time 
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relationships  of  horizontal  and  vertical  pulses  per 
second  (pps).  Note  that  a  full  horizontal  period 
(H)  precedes  the  vertical  pulse  (left  side), 
whereas  a  half  period  (O.SH)  precedes  the  next 
vertical  pulse.  Thus,  theie  is  the  half*linc  time 
difference  l)etween  successive  fields  which  is 
needed  for  interlace. 

8-1 S.  Since  the  outputs  illustrated  are  ideal- 
ized, you  may  well  ask  how  they  are  shaped. 
Qipper  and  shaper  circuits  were  mentioned  ear- 
lier, but  none  are  identified  in  tlie  block  diagram 
of  figure  36.  This  is  because  counters  can  be  de- 
signed to  produce  properly  shaped  pulses.  Re- 
member that  a  rectangular  pulse  is  obtained 
from  a  multivibrator  counter.  The  pulse  width  of 
this  counter  is  easfly  altered  by  adjusting  the  rel- 
ative time  constants  of  the  feedback  circuits. 
Moreover,  by  regulating  these  time  constants, 
frequency  can  be  kept  at  a  specified  value.  If 
another  type  of  counter  is  employed,  the  pulse 
may  be  too  narrow.  A  small  shunting  capacitor, 
connected  across  the  counter's  output,  will  effec- 
tively widen  the  pulse.  A  clipping  diode  can  be 
incorporated  to  square  the  pulse  at  a  prescribed 
level. 

8-16.  Referring  to  figure  37,C,  you  find  that 
no  horizontal  pulses  are  present  during  the  time 
of  the  vertical  pulse.  For  the  length  of  the  verti- 
cal pulse,  there  is  no  sync  signal  for  the  monitor's 
horizontal  oscillator.  Such  being  the  case,  the 
frequency  of  this  oscillator  can  shift  and,  as  a 
result,  the  scan  may  not  interlace.  In  other  words, 
interlace  is  not  insured  since  horizontal  sync  is 
not  continuous.  Because  the  relationship  of  al- 
ternate fields  is  a  matter  of  probability,  this  scan- 
ning is  appropriately  called  random  interlace.  As 
you  would  expect,  random  interlace  is  noticeable,  . 
but  for  some  applications  it  is  satisfactory.  On  a 
small  screen  kinescope,  picture  quality  is  ade- 
quate for  good  viewing. 

8-17.  A]c  and  calibration.  The  purpose  of  afc 
in  an  interlace  sync  generator  is  to  lock-in  the 
60-cycle  field  rate  with  the  60-cycle  power  line. 
Unless  this  is  done,  a  60-  or  l20-cycle  hum 
pickup  will  create  raster  distortion  and/or  shad- 
ing changes  that  move  vertically  across  the 
screen.  The  afc  does  not  eliminate  the  pattern  of 
disturbance(s)  caused  by  such  pickup,  but  it 
docs  make  the  pattern  stationary.  A  stationary 
pattern  is  far  less  annoying  to  the  viewer  than 
a  continuously  moving  one.  In  fact,  with  60- 
cycle  lock-in  a  small  amount  of  hum  pickup  will 
go  unnoticed.  Afc  is  therefore  a  feature  found 
in  virtually  all  interlace  sync  generators,  not  just 
random  tyjpes. 

8-18.  The  afc  network  illustrated  in  figure  36 
consists  of  a  phase  detector  (discriminator),  a 
d-c  amplifier,  and  a  reactance  control  circuit. 


ERIC 


42 


The  phase  detector  may  be  one  of  several  types 
you  should  know.  Whichever  type  is  niscd,  it 
will  have  two  inputs:  the  vertical  60-pps  sync 
generator  output  and  the  60-cps  line  signal.  The 
jihastj  detector  develops  a  d-c  error  yokage  when- 
ever there  is  a  phase  difference  between  these 
two  inputs.  Note  in  the  blocks  diagrtim  that  the 
output  of  the  phase  detector  (error  voltage)  is 
amplified  by  a  d-c  amplifier  before  it  is  applied 
for  control  purposes.  This  amplification  is  usually 
needed.  Depending  upon  the  type  counters,  txie 
error  voltage  may  not  be  coupled  to  the  counter 
chain  as  shown  in  our  diagram.  We  can  be  cer- 
tain, however,  that  the  error  voltage  will  be  sent 
to  a  reactance  control  circuit  which  acts  to  change 
the  mo  frequency.  The  reactance  control  section 
can  employ  a  reactance  tube  amplifier  or  a  solid 
state  device  such  as  a  varicap  (other  names  are 
semicap,  varactor  diode,  etc.).  A  varicap  is  a 
specially  designed  crystal  diode  that  has  a  greater 
than  ordinary  variation  of  capacitance  with 
changes  in  reverse  bias.  By  applying  the  error 
voltage  to  a  reverse-biased  varicap,  capacitance 
change  can  be  used  to  control  the  frequency  of 
the  31.5-kc  mo.  If  properly  designed,  the  mo 
will  automatically  adjust  to  minimize  any  fre- 
quency difference  between  the  inputs  to  the 
phase  detector.  This  means  that  the  vertical  out- 
put signal  is  locked-in  to  the  60-cycle  line. 

8-19.  Although  afc  functions  to  hold  the  sync 
outputs  to  their  proper  frequencies,  it  is  nec- 
essary that  the  mo  and  counters  be  within  a 
prescribed  range  for  lock-in.  Moreover,  interlace 
depends  upon  the  sync  generator's  frequency  re- 
lationships. To  insure  proper  operation,  it  is 
therefore  necessary  to  calibrate  the  mo  and  count- 
ers. 

8-20.  You  should  first  calibrate  the  mo  so  that 
its  free-running  frequency  is  31.5  kc.  Switch  SI 
(see  fig.  36)  must  be  put  in  the  OFF  position. 
This  removes  any  error  voltage  which  affects  the 
mo.  Using  an  oscilloscope,  tune  the  mo  until  its 
frequency  is  exactly  that  of  the  31.5-kc  crystal 
oscillator.  There  will  probably  be  amplitude 
checks  and  adjustments  specified  for  any  particu- 
•  lar  mo.  When  you  are  sure  that  the  mo  has  the 
prescribed  output,  the  counters  can  then  be  cal- 
ibrated. 

8-21.  Counters  are  checked  successively  start- 
ing with  the  one  nearest  the  mo.  Thus,  in  the 
vertical  counter  chain  the  15:1  counter  is  cali- 
brated first.  Leave  SI  in  the  OFF  position.  You 
should  follow  the  calibrating  procedures  and  use 
the  test  equipment  prescribed  by  the  manufac- 
turer. After  calibrating  all  counters,  switch  SI 
to  the  ON  position,  and  the  generator  should 
lock  in  rigidly  with  the  60-cycle  power-line  fre- 
quency. However,  in  the  event  that  the  power- 
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line  frequency  is  not  60  cps.  Icuve  SI  in  the 
OFF  position.  Either  the  mo  or  crystal  oscillator 
can  be  selected  with  switch  S2.  The  mo  offers 
no  advantage  when  the  ;ifc  is  disabled. 

8-22.  Standard  Interlace  Type.  There  are  non- 
standard systems,  designed  for  special  purposes, 
that  can  reliably  interlace  using  a  very  simple 
sync  waveform.  Such  systems,  however,  have 
marginal  performance  capabilities  for  general  ap- 
plications and  have  insufficient  reliability  for 
broadcasting.  Consequently,  most  American  TV 
systems  use  EIA  (RETMA)  sync  waveform 
standards.  Although  these  systems  must  employ 
a  relatively  complex  sync  generator,  a  standard- 
ized system  offers  many  advantages  over  systems 
that  have  less  rigorous  requirements.  Before 
undertaking  an  analysis  of  the  sync  generator 
needed,  we  will  review  the  EIA  signal  wave- 
forms. A  thorough  knowledge  of  the  details  of 
this  waveform  is  essential  to  an  understanding 
of  the  workability  of  the  system  as  a  whole. 

8-23.  Signal  standards.  Although  you  are  fa- 
miliar with  the  EIA  standard  waveforms  illus- 
trated in  figure  38,  it  is  well  to  call  to  mind  the 
functions  of  the  various  pulses  involved.  In  ad* 
dition  to  the  sync  and  blanking  pulses  that  have 
been  discussed  previously,  this  signal  contains 
equalizing  pulses.  Moreover,  it  has  a  serrated 
vertical  sync  pulse.  These  equalizing  pulses  and 
serrations  are  distinctive  features  that  provide 
continuous  horizontal  sync  and  insure  proper  in- 
terlace. 

8-24.  A  group  of  six  narrow  equalizing  pulses 
immediately  precedes  the  vertical  sync  pulse,  and 
a  similar  group  of  six  follows  it.  These  pulses 
occur  at  twice  the  line  frequency  (31.5  kc).  This 
doubling  of  frequency  is  necessary  if  alternate 
fields  arc  to  be  properly  synchronized  for  inter- 
lacing. Note  that  the  first,  third,  and  fifth  equal- 
izing pulses  are  used  as  horizontal  sync  for  the 
fields  that  end  in  a  complete  line  (period  H); 
whereas,  the  second,  fourth,  and  sixth  equalizing 
pulses  are  used  for  the  fields  that  end  in  a  half 
line  (0.5H).  Besides  maintaining  horizontal 
sync,  the  equalizing  pulses  serve  to  time  pre- 
cisely the  vertical  sync  pulses. 

8-25.  If  vertical  sync  is  not  precise,  interlace 
is  jeopardized.  A  slight  discrepancy  in  the  verti- 
cal scan  will  cailse  the  lines  of  alternate  fields 
to  come  together.  This  effect,  called  pairing,  re- 
duces vertical  resolution  and  the  line  structure 
becomes  visible  at  normal  viewing  distance.  Be- 
cause the  time  between  the  last  horizontal  pulse 
and  the  vertical  sync  differs  by  0.5H  for  alternate 
fields,  the  residual  charge  from  the  integrating 
circuit  (in  the  receiver  or  monitor)  differs  also. 
Figure  39. .A.  shows  how  this  residual  charge  will 
introduv'c  a  discrepancy  in  the  vertical  sync.  Fig- 


ure 39,Bt  shows  how  the  equalizing  pulses  pre- 
vent this  inherent  discrepancy  which  would  cause 
**pairing.**  This  should  remind  you  how  vital 
equalizing  pulses  are  to  the  system. 

8-26.  Unless  the  vertical  sync  pulse  is  serrated 
as  shown,  horizontal  sync  will  be  disrupted.  Ex- 
amine this  serrated  pulse  and  observe  that  the 
trailing  edge  of  the  serration  is  used  for  horizon- 
tal synchronization.  A  differentiating  circuit  in 
the  receiver  or  monitor  develops  pulses  of  the 
correct  polarity  when  the  trailing  edge  of  the 
serration  occurs.  Like  equalizing  pulses,  the  ser- 
rations must  have  twice  the  horizontal  scan  fre- 
quency to  accomodate  alternate  fields. 

8-27.  The  times  and  tolerances  for  the  var- 
ious pulses  are  specified  in  figure  38.  A  table 
of  vaiues  is  given  in  figure  40  tor  your  con- 
venience. Both  of  these  figures  contain  much  in- 
formation that  is  pertinent  to  the  maintenance 
of  a  standard  sync  generator.  Checks  of  pulse 
widths  and  adjustments  will  necessitate  reference 
to  these  standards.  It  will  benefit  you,  therefore, 
to  read  the  explanatory  notes  and  relate  the 
waveforms  and  values.  The  close  tolerances  in- 
dicate the  stability  required  of  the  sync  genera- 
tor. The  variety  of  waveforms  points  up  the  fact 
that  the  sync  generator  must  be  a  relatively  com- 
plex piece  of  equipment. 

8-28.  Functional  analysis.  The  block  diagram 
in  figure  41, A,  shows  the  essential  sections  that 
function  to  produce  the  standard  sync  wave- 
forms. Bear  in  mind  that  these  sections  may  be 
made  up  of  several  stages  and  associated  cir- 
cuitry. Furthermore,  remember  that  the  circuits 
within  these  sections  are  basic  ones  or  modified 
versions  of  circuits  covered  in  your  fundamen- 
tals training.  Our  purpose  is  to  analyze  the  func- 
tional relationships  of  the  various  sections.  Once 
you  grasp  how  the  standard  waveforms  can  be 
synthesized,  you  will  better  understand  the  op- 
eration of  this  type  sync  generator. 

8-29.  Refer  to  figure  41, A.  You  should  recog- 
nize the  sections  to  the  far  left  in  the  diagram. 
The  mo  section  contains  a  crystal-controUed 
oscillator  (not  shown)  for  calibration  and  is 
locked  in  by  the  afc  section.  To  obtain  the  verti- 
cal 60  pps,  a  525:1  counter  chain  is  used. 
Generally  this  chain  consists  of  counters  that 
divide  the  frequency  in  steps  of  7:1,  5:1,  5:1, 
and  3:1.  The  60-pps  signal  is  used  for  afc  and 
is  also  fed  to  the  vertical  sections  indicated.  Ex- 
cept for  the  vertical  drive  output  which  is  sent  to 
the  camera,  the  outputs  from  these  sections  are 
coupled  into  other  sections  for  further  process- 
ing. A  signal  from  the  3I.5-kc  mo  is  divided  by 
2: 1  counter  to  obtain  the  standard  horizontal  line 
rate  of  15.75  kc.  We  see  that  this  signal  is  ap- 
plied to  a  delay  section  from  which  four  outputs 
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arc  taken.  These  outputs  are  delayed  by  differ- 
ent amounts  to  properly  time  the  sections  they 
activate.  Delays  can  be  achieved  by  a  multivi- 
brator or  phantastron,  but  a  network  of  passive 
components  (inductors  and  capacitors)  is  often 
used  to  form  a  delay  line.  The  delay  line  consists 
of  many  pi  sections  of  series  inductance  and 
shunt  capacitance.  Different  delays  are  tapped 
i)ff  at  the  junctions  as  desired  up  to  the  maxi- 


mum obtainable  from  the  line.  Outputs  of  the 
required  time  delay  can  thereby  be  obtained  to 
control  the  circuits  that  form  the  horizontal  sync, 
notch  pulses,  horizontal  blanking,  and  horizontal 
drive.  Note  in  the  diagram  that  the  horizontal 
drive  section  develops  an  output  from  the  gen- 
erator; the  outputs  from  other  sections  are  pro- 
cessed further  Observe  also  that  the  31.5-kc 
signal  is  sent  to  a  delay  section  so  that  the  timing 
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Figure  39.    Equalizing  pulses. 
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of  the  equalizing  pulse  section  and  vertical  pulse 
section  can  be  controiied. 

8-30.  The  processing  or  synihcsic  of  wave- 
forms is  accomplished  by  mixing  and  clipping  the 
output  signals  of  the  various  sections  just  men- 
tioned. It  is  easily  seen  in  figure  41, A.  that  the 
composite  blanking  signal  is  formed  by  combin- 
ing the  output  pulses  of  the  vertical  blank  section 
with  those  of  the  horizontal  blank  section.  The 
blanking  signal  from  the  mixer/clip  section  is 
shown  to  be  an  output  from  the  sync  generator. 
To  determine  how  the  sync  composite  is  formed, 
you  will  have  to  study  the  waveforms  illustrated 
in  figure  41,B.  These  waveforms  are  identified 
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by  letter  or  number  to  correspond  with  ihc  signals 
indicated  in  the  block  diagram.  Dy  combining 
the  output  I  from  the  equalizing  pulse  sc<aion 
with  outputs  2,  3,  and  4  from  the  mixer/clip  sec- 
tions, waveform  5  is  produced.  The  final  stand- 
ard sync  signal  is  obtained  by  clipping  waveform 
5  along  the  dotted  lines.  This,  of  course,  is  done 
by  the  sync/clip  section. 

8-31.  Note  thai  signal  a  is  used  to  cliniin.ilL* 
ihc  horizontal  pulses  of  signal  b  for  the  time 
deration  9H;  likewise,  signal  a  eliminates  the 
noich  pulses  for  9H  of  time.  This  is  evident  troni 
waveiorms  2  and  3.  rei;pectively.  Of  piirricular 
mtcrest  is  the  manner  in  which  v/avcforni  4  is 
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developed.  Signal  d  from  the  vertical  delay  sec- 
tion is  mixed  with  signal  e  so  the  3H  pulse  will 
be  triggered  by  the  leading  edge  of  a  scrrating 
pulse.  Since  signal  h  is  e  inverted,  the  trailing 
edge  of  the. first  serration  will  always  occur  0.5H 
time  after  the  stan  of  the  3H  vertical  sync  pulse. 
This  insures  the  correct  time  placement  of  the 
serrations  to  maintain  continuous  horizontal  sync 
during  the  vertical  sync  interval. 

8*32.  Examine  closely  the  time  relationships 
of  the  various  pulses  shown.  Be  sure  you  see  the 
need  for  notch  pulses.  Determine  what  pulses 
establish  the  width  of  the  horizontal  sync, 

8-33.  Trouble  diagnosis.  If  you  know  the 
standard  signals  and  how  they  are  formed,  you 
can  often  diagnose  troubles  by  waveform  analy- 
sis. Let  us  cite  a  particular  case  in  support  of 
this  fact. 

8-34.  Viewing  the  sync  output  signal  on  an 
oscilloscope,  you  can  sec  pulses  regularly  appear- 
ing midway  between  the  horizontal  sync  pulses. 


Upon  closer  observation,  the  unwanted  pulses 
arc  found  to  have  the  same  width  as  thc^cquali;^- 
mg  pulses.  Tliis  indicates  that  signal  3  in  figure 
41. B.  is  not  being  supplied  to  remove  tlie  equaliz- 
ing puhc  between  horizontal  sync,  pulses  The 
iruublc  therefore  is  in  the  notch  pulse  section 
To  confirm  this  diagnosis,  you  should  check  the 
output  from  the  notch  pulse  section. 

8-35.  Adjustments  arc  critical  in  a  sync  ven- 
erator of  this  type.  Since  nmch  of  the  timing  i,s 
dependent  upon  multivibrator  action,  a  variaiii)n 
in  capacitance  can  set  the  outputs  off  in  fre- 
quency and/or  pulse  width.  Such  trouble  can  be 
detected  by  checking  waveforms;  and  adjustment 
may  be  all  that  is  needed.  Adjustment  instruc- 
tions will  be  given  by  the  manufacturer  of  a 
particular  piece  of  equipment  clong  with  illus- 
trated signals  at  test  points.  With  this  informa- 
tion, coupled  with  an  understanding  of  the  prin- 
ciples that  have  been  discussed,  many  sync 
generator  troubles  can  be  readily  diagnosed. 
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CHAPTER  4 


c 


The  Camera  Chain 


AS  ALREADY  STATED  in  Chapter  1,  all 
l\  TV  systems  contain  three  basic  elements — 
a  pickup  device,  control  equipment,  and  repro-  ^ 
duction  or  display  equipment.  We  have  dis* 
cussed  and  studied  representative  types  of  power 
supplies  and  sync  generators  which  are  a  part  of 
any  system.  These  items  are  necessary  for  the. 
proper  operation  of  the  camera  chain;  however, 
it  is  important  that  we  know  that  a  camera  may 
have  a  self-contained  power  supply,  sync  gener- 
ator, and  other  components.  As  we  make  a  de- 
parture from  the  simple  system,  we  find  addi- 
tional components  such  as  the  switcher  and 
distribution  amplifiers.  In  this  chapter  we  will 
discuss  t^e  construction,  function,  care,  trouble- 
shooting, and  repair  of  the  camera  chain  ele- 
ments. 

9.  Cameras 

9-1.  A  camera  is  an  instrument  that  records 
a  scene  in  one  form  or  another.  The  simple  box 
camera  changes  a  scene  to  a  recorded  image  on 
a  piece  of  film.  The  TV  camera  converts  a  scene 
to  an  electrical  signal.  The  basic  items  that 
make  up  a  TV  camera  are  a  pickup  device,  a 
control  and  timing  system,  an  output  circuit,  and 
of  course  a  source  of  power.  The  exact  arrange- 
ment of  these  items  will  vary  with  a  particular 
arrangement  for  a  specific  need.  The  wide  use 
of  TV  in  broadcast,  industry,  and  education  has 
led  to  a  great  variety  of  camera  models,  and 
more  are  being  added  each  day.  In  this  section 
we  will  classify  cameras  as  to  the  type  of  pickup 
tube  used.  There  are  a  number  of  pickup  tubes 
in  use  today  and  new  ones  are  being  experi- 
mented with;  however,  we  will  limit  our  discus- 
sion to  the  vidicon  and  image  orthicon  types. 

9-2.  Vidicon  Cameras.  The  vidicon  camera 
is  a  very  popular  choice  of  military  and  indus- 
try because  it  can  be  constructed  in  a  small  pack- 
age and  still  deliver  a  good  signal.  The  size  of 
the  vidicon  camera  has  led  to  its  use  in  certain 
types  of  broadcast  applications.  Some  of  the  ad- 


vantages of  the  vidicon  camera  arc  low  operating 
cost,  simple  circuitry  (which  accounts  for  its 
small  size),  high  signal-to-noise  ratio  (when 
sufficient  light  is  available),  and  ease  in  setting 
up. 

9-3.  Tube  construction.  One  reason  that  the 
vidicon  camera  can  be  constructed  in  a  small 
package  is  that  the  vidicon  tube  is  small  in  size. 
A  standard  vidicon  tube,  as  shown  in  figure  42, 
is  1  inch  in  diameter  and  approximately  6  in- 
ches long.  There  are  some  smaller  tubes  only 
Vi  inch  in  diameter  and  3  inches  long  which  are 
giving  satisfactory  results.  Although  the  tube  is 
small,  it  contains  an  electron  gun  which  pro- 
duces a  scanning  beam  and  a  photoconductive 
faceplate.  The  faceplate  is  a  transparent  con- 
ducting material  coated  with  a  photosensitive 
substance  a  few  microns  thick.  The  electron  gun 
which  produces  the  scanning  beam  has  the  usual 
heater,  cathode,  control  grid,  and  accelerating 
and  shaping  grids.  Focus,  deflection,  and  align- 
ment of  the  electron  beam  are  accomplished  by 
the  use  of  external  coils.  In  some  cameras  the 
alignment  coil  is  replaced  with  permanent  mag- 
nets and  in  others  no  alignment  method  is  used. 

9-4.  The  transparent  conducting  material  is 
connected  to  a  fixed  positive  potential.  When 
light  strikes  the  photosensitive  layer  it  becomes 
conductive  in  relation  to  the  amount  of  light. 
A  dark  spot  will  act  as  an  insulator,  whereas  a 
light  spot  becomes  conductive.  The  photosensi- 
tive layer  then  takes  on  a  pattern  of  positive 
charges,  the  amount  of  charge  being  directly  pro- 
portional to  the  amount  of  light  striking  the  spot. 
The  electron  beam  coming  from  the  electron  gun 
scans  each  spot  and  neutralizes  it.  The  current, 
which  is  a  product  of  this  neutralization,  flows 
through  a  load  resistor,  thus  developing  a  video 
signal.  This  signal  voltage  may  be  coupled  to  a 
video  amplifier  stage. 

9-5.  Care  and  handling.  There  are  some  pre- 
cautions you  should  keep  in  mind  when  using  a 
vidicon  camera.  Remember  that  as  light  strikes 
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the  photoconductive  material,  current  flows  in 
proportion  to  the  intensity  of  the  light.  If  a  cam- 
era is  focused  on  a  fixed  spot  of  high  intensity 
light,  the  current  in  the  photosensitive  material 
can  cause  image  burn.  Any  time  one  partic- 
ular area  of  the  photosensitive  material  is  used 
more  than  the  other  areas,  it  leaves  a  bum  or 
image  when  the  pattern  is  changed;  therefore,  to 
avoid  a  burn  pattern,  you  should  adjust  the  cam- 
era scanning  to  utilize  the  maximum  useful  area 
of  the  photosensitive  material  at  all  times.  The 
photosensitive  material  should  never  be  exposed 
to  an  image  of  the  sun;  therefore,  it  is  advisable 
to  always  cap  the  lens  when  a  camera  is  being 
moved  in  or  through  an  area  where  sunlight  or 
any  high  intensity  light  is  present.  Another  point 
to  remember  when  using,  handling,  or  storing  a 
vidicon  tube  is  to  avoid  tube  positions  that  could 
cause  loose  particles  in  the  neck  of  the  tube  to 
fall  on  the  photosensitive  area.  Like  most  tubes 
the  vidicon  may  be  damaged  by  rough  handling 
and  abuse;  always  be  careful  when  moving  cam- 
eras or  tubes.  Operational  adjustments,  such  as 
applying  excessive  electrode  voltage,  can  also 
cause  damage  to  vidicon  tubes.  Furthermore,  if 
the  beam  is  turned  on  when  vertical  and  hori- 
zontal  scans  are  not  functioning,  a  spot  burn  can 
quickly  damage  the  tube.  Now  that  we  have  re- 
viewed the  major  precautions  to  be  observed 
when  using  a  vidicon  camera,  let  us  discuss  the 
operation  of  this  type  of  camera. 

9-6.  Adjustments  and  alignments.  There  are 
a  number  of  adjustments  and  alignments  that  are 
necessary  before  a  vidicon  camera  can  be  oper- 
ated. At  this  point  we  will  zissume  that  all  the 
necessary  wiring  is  completed  from  camera  to 
monitor,  that  proper  power  is  connected,  and- 
that  the  sync  generator  is  connected  and  opera- 
ting properly.  If  for  any  reason. there  is  doubt 


as  to  the  presence  of  either  the  horizontal  or 
vertical  sweep,  it  can  be  checked  with  a  scope. 
After  power  has  been  applied,  sufficient  time  for 
warmup  (generally  from  10  to  20  minutes  for 
vacuum-tube  circuits)  should  be  allowed  before 
the  actual  adjustments  and  alignments  are  made 
9-7.  The  initial  picture  on  the  monitor  will  be 
a  circle  or  part  of  a  circle  that  shows  the  photo- 
sensitive (mosaic)  mounting  section.  If  this  is 
not  visible,  the  beam  control  will  have  to  be  ad- 
justed until  a  pattern  does  appear.  Jh\s  pattern 
should  be  visible  even  though  there  is  not  a  len.s 
or  Illumination  present.  When  you  have  a  visible 
pattern,  proceed  to  make  initial  centering  and 
size  adjustments  so  that  the  circle  is  no  longer 
visible  at  the  corner  of  the  picture.  The  camera 
scanning  should  now  be  adjusted  for  the  maxi- 
mum useful  area  of  the  mosaic.  If  the  beam 
control  is  critically  adjusted,  you  will  be  able  to 
see  small  specks  or  flecks,  which  are  small  im- 
perfections in  the  photosensitive  surface  (mo- 


50 


CA&cooe 
vtoeo 


vioeo  1 

vioeo 

TPJ 

AMFLIPICN  I 

OUTPUT 

VIOICON 

Tuoe 


HOttlZSMTAI. 
NrT«0«R 


ytOtO  OUTPUT  TO 
CAMeHA  COHTROi  UNIT 


»r«MCOMTIOL  ANOVrPriCAL 
ILANIttNC  pilOW  CAKtAACONTROi 
UNIT 


VIOICON  PROtlCTtOM  VCNAL 
^ROM  CAi«(«A  CONTROL  UNIT 


pTiCAL  oer lecTiON  s  6nai 
FPOm  CamCIIA  contpou  Unit 


NOPiZONTAL  pffLCCTIOH 
itbNAl.  ^PC« 
CAMtPA  CONTVOi  U^iT 


Fisure  43.    Block  diaffrafft  of  vidico$i  TV  camera. 


217 


saic).  If  you  adjust  beyond  this  critical  point, 
the  picture  will  go  to  an  all-white  condition  and 
you  will  lose  sync  stability. 

9-8.  Now  the  camera  is  ready  to  be  set  up 
for  viewing  an  actual  scene  so  that  final  adjust- 
ments can  be  made.  It  is  best,  of  course,  to  use 
a  fixed  pattern  such  as  a  resolution  churt.  Make 
certain  that  the  lens  is  in  position  and  that  there 
is  proper  illumination.  Now  center  the  camera 
lens  m  front  of  the  chart  and  adjust  the  beam 
contrcl  to  obtain  a  picture  of  the  v;hart.  The 
vertical  and  horizontal  controls  may  require  re- 
adjustment to  obtain  picture  lock-in.  Now  you 
can  adjust  the  lens  for  optical  focus,  and  the 
electrical  focus  may  also  be  adjusted  at  this  time. 
Since  there  is  interaction  between  controls,  it  is 
usually  necessary  to  readjust  each  of  them  for 
the  best  definition. 

9-9.  Block  diagram  analysis.  Although  there 
are  numerous  variations  and  arrangements,  fig- 
ure 43  shows  a  block  diagram  of  a  basic  vidicon 
camera.  The  inputs  are  from  a  camera-control 
unit  which  may  or  may  not  be  a  separate  unit; 
this  unit  will  be  discussed  later.  Since  the  vidi- 
con tube  is  the  heart  of  the  camera,  we  must 
understand  its  signal  output.  If  a  scope  is  con- 
nected to  Testpoint  1  (Tp  1),  a  pattern  similar  to 
figure  44  should  be  seen.  Of  course,  the  por- 
tion representing  the  picture  information  de- 
pends upon  the  scene  being  viewed.  The  hori- 
zontal and  vertical  blanking  pulses  are  similar  to 
those  illustrated.  If  the  scope  is  moved  to  Tp  2, 
the  same  pattern  is  seen  larger  in  amplitude.  The 
video  amplifier  stage  will  further  amplify  the  sig- 
nal to  drive  a  catt  ode  follower  which  is  used  as 
output  stage.  A  scope  check  of  Tp  3  will  show 
the  pattern  indicated  at  the  other  testpoints  but 
smaller  in  amplitude  than  at  Tp  2.  The  cathode 
follower  circuit  minimized  loading  effects  and 
provides  impedance  matching. 


9-10.  Image  Orthicoo  Cameras.  An  image 
orthicon  camera  is  generally  thought  of  as  a  stu- 
dio camera  because  it  is  relatively  large.  In  ad- 
dition, the  image  orthicon  camera  usually  will 
have  an  attached  viewfinder  that  enables  the 
operator  to  see  exactly  what  the  camera  is  pick- 
ing up  or  viewing.  The  overall  size  of  the  cam- 
era plus  viewfinder  makes  for  a  comparatively 
large  unit  which  weighs  approximately  100 
pounds.  Weight  and  size  are  being  reduced  by 
using  solid-state  components  and  printed  circuits 
in  newer  models  of  the  image  orthicon  (10) 
camera.  The  10  camera  has  been  adapted  for 
field  use  where  there  is  a  need  for  high  sensitiv- 
ity or  studio  quality  production, 

9-11.  Tube  construction.  It  is  important  that 
you  understand  the  10  tube  construction  and 
how  it  operates  because  the  overall  functioning 
of  the  camera  centers  around  the  operation  of 
the  10  tube.  Figure  45  is  a  cutaway  drawing  of 
an  10  tube.  For  study  purposes,  we  have  divi- 
ded the  10  tube  into  three  sections — the  image, 
scanning,  and  multiplier  sections.  The  image 
section  receives  the  light  from  a  subject  as  it  is 
focused  on  the  photocathode.  The  photocathode 
emits  electrons  in  proportion  to  the  amount  of 
light  received  from  the  subject  The  electrons  are 
accelerated  toward  the  target,  which  is  compar- 
able to  the  photoconductive  faceplate  of  the  vidi- 
con. Electrons  strike  the  target,  a  giass  mem- 
brane approximately  .0001  inch  thick,  and  cause 
secondary  emission.  This  leaves  the  target  with  a 
positive  charge.  Since  the  glass  target  is  very 
thin,  the  same  charge  pattern  appears  on  the 
beam  side,  where  it  will  be  scanned.  To  keep 
the  target  from  being  burned  by  a  stationary 
pattern,  an  orbiter  coil  is  used  to  move*  the  pat- 
tern at  a  rate  of  1  rpm.  This  is  not  a  rotation 
of  the  image,  but  a  shifting  about  of  the  entire 
pattern.  This  precaution  against  image  burn  is 
something  not  found  in  a  vidicon. 
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Figure  44.    Video  and  blanking  signals  from  T  V  camera  tube  (not  to  scale), 
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9*12.  The  scanning  unit  of  the  lO  uses  an 
electron  gun  similar  to  tho^e  used  in  vidicon  or 
other  types  of  cathode-ray  tubes.  The  beam 
from  the  gun  strikes  the  target  and  gives  up  elec- 
trons in  proportion  to  the  amount  of  positive 
charge  on  the  target.  The  remaining  electrons 
arc  returned  to  the  electron  multiplier  unit.  The 
beam  position  and  overall  intensity  are  con- 
trolled by  the  beam  accelerator,  the  horizontal 
and  vertical  deflection  coils,  and  the  focus  coils. 
The  multiplier  focus  element  provides  additional 
control  of  the  return  beam,  which  is  directed  into 
the  multiplier  unit.  You  will  recall  that  the  vidi- 
con does  not  have  a  return  beam;  its  signal  out- 
put is  taken  directly  from  the  photoconductive 
element. 

9-13.  After  the  lO's  return  beam  passes  the 
multiplier  focus  and  the  end  of  the  electron  gun. 
the  beam  strikes  the  first  multiplier  dynode  of  the 
five-stage  multiplier  section.  Electrons  strike  the 
plate  of  a  dynode  with  enough  force  to  cause 
secondary  emission.  The  amount  of  multiplica- 
tion depends  on  the  number  of  dynodes  and 
voltages  applied.  The  output  from  the  electron 
multiplier  section  will  be  determined  primarily 
by  the  number  of  electrons  in  the  returned  beam. 
The  brighter  image  returns  fewer  electrons  to  the 
multiplier  stage,  because  it  causes  a  greater  posi- 
tive charge  on  the  target. 

9-14.  The  lO  tube  has  what  is  considered  a 
high  gain  because  of  the  multiplier  unit.  Since 
it  has  a  high  gain,  it  does  not  require  a  high- 
gain  video  amplifier.  By  comparison,  since  the 
vidicon  does  not  have  a  high  gain,  it  requires 
a  cascode  video  amplifier  followed  by  additional 
amplifier  circuits.  Since  the  lO  tube  amplifies, 
it  is  a  source  of  noise.  By  contrast,  the  vidicon 
tube  generates  little  noise  but  its  associated  video 
amplifiers  constitute  a  source  of  noise. 

9-15.  Care  and  handling.  The  care  and  han- 
dling of  an  lO  tube  is  important,  from  the  stand- 
point of  both  economy  and  performance.  Take 
the  simple  procedure  of  installing  an  lO  tube. 
If  you  try  to  force  shoulder  pins  into  their  sockets, 
you  may  damage  the  tube  beyond  repair.  This 
means  a  loss  of  more  than  a  thousand  dollars. 
You  should  allow  sufficient  time  for  an  lO  tube 
to  warm^  mp  before  operating  it.  If  the  target 
heater  is  controlled  manually,  be  careful  to  pre- 
vent overheating,  which  will  cause  loss  of  resolu- 
tion and  may  permanently  damage  the  tube. 
Also  remember  that  new  tubes  should  be  placed 
in  operation  for  several  hours  before  they  are 
stored  to  keep  as  spares.  Moreover,  all  lO's  that 
are  kept  as  spares  should  be  used  in  a  camera 
for  sevesal  hours  each  month  to  keep  them  free 


from  any  trace  of  gas.  Gas  may  appear  in  a  tube 
which  is  stored  for  a  prolonged  period.  A  word 
of  caution  about  handling  or  moving  an  lO  tube 
need  be  mentioned  here.  You  should  always 
avoid  placing  the  tube  in  a  position  that  allows 
loose  particles  in  the  tube  to  fall  upon  the  target 
or  photocathode.  It  is  easy  to  accidentally  put  a 
tube  in  a  near-vertical  position  when  installing 
or  removing  it.  Do  not  yield  to  the  temptation 
of  setting  a  tube  down  on  its  face;  this  may 
cause  internal  and  external  damage.  When  a 
camera  is  in  operation,  observe  position  pre- 
cautions; do  not  point  the  camera  straight  down 
for  a  bird's-eye  view. 

9-16.  A  knowledge  of  a  large  number  of  de- 
tails concerning  lO  tube  applications  is  neces- 
sary to  insure  proper  operation  and  optimum 
performance  at  all  times.  The  physical  orienta- 
tion limitations  have  been  discussed;  however, 
there  are  other  considerations  which  will  affect 
the  operational  life  of  an  lO  tube.  Operating 
temperatures  must  be  maintained  within  limits. 
Target-scanning  adjustment  limitations  must  be 
carefully  set  to  avoid  a  raster  bum  which  would 
ruin  the  tube.  A  dynode  spot  must  be  eliminated 
by  slight  defocusing.  An  ion  spot  should  be 
detected  and  action  taken  to  return  the  tube  for 
reprocessing.  Watch  for  and  eliminate  target- 
screen  pattern  pickup.  These  are  trouble  areas 
which  must  be  carefully  watched. 

9-17.  Performance,  The  overall  performance 
of  a  pickup  tube  is  what  determines  the  choice  of 
a  camera  for  a  particular  application.  The  vidicon 
and  the  image  orthicon  pickup  tubes  are  the  most 
common  choices.  The  vidicon  has  found  wide 
application  in  fields  other  than  studio  work;  how- 
ever, the  lO  is  used  almost  exclusively  in  studio 
applications.  The  following  comparison  of  the 
vidicon  and  lO  will  give  you  an  idea  of  the 
advantages  and  disadvantages  of  each  tube. 


Vidicon 

1.  Operating  cost  is  ap- 
proximately $0.10  per 
hour. 

2.  Average  output  signal 
level  is  approximately 
15  millivolts. 

3.  Output  signal  level  is 
subject  to  change  with 
varying  light  levels. 

4.  Low  tube-noise  char- 
acteristics result  in  an 
excellent  signal-to- 
noise  ratio  at  a  light 
level  of  approximately 
200  foot-candles. 
(Ratio^300  to  1). 


Image  Orthicon 

1 .  Operating  cost  is  approxi- 
mately $2.00  per  hour. 

2.  Average  output  signal 
level  is  approximately  50 
millivolts. 

3.  Output  signal  level  is 
stable  over  a  wide  range 
of  light  levels. 

4.  Inherent  tube  noise 
limits  the  signal*to-noisc 
ratio  at  all  light  levels. 
(Average  ratto-^  to  1). 


Vidicon 

5.  Picture  smear  results 
when  uncontrollable, 
fast-moving  objects  are 
being  televised. 

6.  Simple  external  cir* 
cuitry  results  in  small,' 
inexpensive  cameras. 


image  Ortnicon 

5.  Picture  smear  is  not  a 
problem  when  faiit-mov- 
ing  objects  are  being  tele- 
vised. 

6.  Detailed,  complex  cir* 
cuitry'  resuFts  in  large,  ex* 
pensive  cameras. 


9-18.  The  vidicon  and  10  tubes  are  both 
widely  used;  picture  quality  is  the  scale  of  com- 
parison. The  10  tube  pickup  ability  is  compara* 
b]e  to  photographic  film  with  an  American  Stand* 
ard  Association  (ASA)  Speed  or  Exposure  Index 
of  approximately  8000,  witii  some  rated  as  high 
as  10,000.  This  speed,  plus  the  spectral  response 
approaching  that  of  the  human  eye,  makes  this 
an  ideal  tube  for  camera  use  where  light  levels 
range  from  deep  shadow  to  bright  sunlight.  Al- 
though the  present  vidicon  tubes  produce  high- 
quality  pictures  only  if  there  is  sufficient  light, 
they  are  being  improved  so  that  they  can  attain 
studio 'quality  performance  at  relatively  low  light 
levels.  Furthermore,  experimental  work  is  being 
done  to  develop  the  vidicon  for  wider  use  with 
color  cameras.  Research  is  being  conducted  to 
explore  the  possibility  of  developing  an  lO  or 
similar  tube  that  can  pick  up  all  three  colors. 
If  such  a  tube  is  developed,  a  single  tube  would 
replace  the  three  10  tubes  used  in  present-day 
color  cameras. 


9-19.  Adjustments  and  alignments.  This;  sec- 
tion will  not  give  you  any  specific  adjustments 
or  aiv^nmcntj;  for  a  camera  because  the  Air  Force 
purchacics  off-lhe-shclf  items  from  various  corn- 
paries.  However,  there  arc  some  general  guide- 
lines to  be  followed  when  making  adjustments 
on  cameras.  Just  as  in  the  section  on  care  and 
handling,  we  will  present  information  pertinent 
to  pickup  tubes.  For  all  of  the  items  discussed  in 
this  section,  you  must  refer  to  the  instructions 
manual  of  the  particular  camera  .for  specific  de- 
tails. The  simple  process  of  mounting  a  camera 
on  a  pedestal  requires  an  adjustment  in  the 
mounting  position  for  the  best  balance.  If  you 
change  lenses  or  add  more  iens  units  to  a  turret, 
you  will  have  to  rebalance  the  camera. 

9-20.  Since  you  have  already  studied  the  care 
and  handling  of  the  lO  tube,  let  us  assume  the 
lens  turret  has  been  removed,  and  the  lO  has 
been  removed  and  replaced.  When  you  replace 
the  lens  turret  or  other  lens  assembly,  do  not 
overtighten,  yet  be  sure  to  tighten  the  turret  rc- 
tainerfs)  enough  to  prevent  any  lens  rocking.  If 
it  becomes  necessary  to  remove  any  of  the  coil 
assemblies  in  a  camera,  you  may  have  to  par- 
tially remove  an  assembly  to  gain  access  to  re- 
taining springs  and  clips  which  hold  plug-in  jacks. 
The  bellows  of  the  blower  must  be  carefully 
removed.  In  some  cameras,  you  v*ili  have  lo 
turn  the  assemblies  to  a  certain  position  to  get  lo 
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the  plugs.  If  at  any  time  you  are  required  to 
remove  or  unsolder  any  leads,  you  should  label 
each  one  before  removal  to  prevent  any  mixup. 

9-21.  Since  operating  temperatures  must  be 
maintained  within  limits,  heaters  and  blowers  are 
used.  A  motor  must  be  oiled  on  schedule,  as 
recommended  by  the  manufacturer,  for  satisfac- 
tory performance  and  maximum  life.  When 
installing  a  new  motor,  you  should  check  manu- 
facturers instructions  as  to  oiling  it  before  oper- 
ating. Of  course,  be  certain  that  the  bellows  are 
properly  installed;  cooling  will  be  impaired  if  the 
airflow  is  misdirected. 

9-22.  Once  the  mechanical  adjustments  are 
made  on  the  camera,  the  electrical  adjustments 
can  be  made.  Before  you  make  any  electrical 
adjustments,  the  camera  (with  a  standard  lO 
tube)  should  be  turned  on  and  allowed  to  warm 
up  for  one-quarter  to  one-half  hour  with  the 
lens  capped.  Read  the  instructions  carefully  and 
follow  them  closely  when  you  uncap  the  lens  and 
adjust  grid  No.  1  (beam  adjust  on  camera  con- 
trol). An  improper  procedure  can  cause  per- 
manent damage  to  the  10  lube,  since  a  cold 
photocathode  target  will  retain  a  permanent 
image. 

9-23.  During  the  warmup  time,  you  must 
check  to  determine  that  the  deflection  circuits  are 
functioning  properly  and  that  the  beam  is  "over- 
scanning*  the  target.  Overscanning  the  target 
prevents  burning  the  target  with  a  smaller  than 
normal  raster.  After  warmup  time,  set  the  target 
voltage  at  approximately  2  volts  negative  and 
adjust  grid  No.  1  voltage  (beam  control  on  the 
camera  control  unit)  until  a  rough-textured  pic- 
ture of  No.  1  dynode  appears  on  the  monitor. 
A  very  slight  adjustment  of  the  target  voltage 
may  be  necessary;  if  so,  this  adjustment  also  is 
made  at  the  camera  control.  Now  you  are  ready 
to  check  the  alignment  coil  current  by  moving  the 
orthicon  focus  control  (voltage  on  grid  No.  4) 
back  and  forth.  If  the  alignment  coil  current  is 
not  set  correctly,  the  dynode  spot  will  move  up 
and  down  or  back  and  forth.  However,  if  the 
current  is  correct,  the  spot  will  just  go  in  and  out 
of  focus.  Always  keep  the  beam  current  as  low 
as  possible  during  test  and  operational  service  to 
obtain  the  best  picture  quality  and  to  minimize 
tube  noise. 

9-24.  At  this  point,  uncap  the  lens,  open  the 
iris,  focus  on  a  test  pattern,  and  proceed  to  make 
voltage  and  current  adjustments  by  means  of  the 
camera  controls  (target  and  beam)  located  on  the 
camera  control  unit.  The  target  voltage  is  slowly 
increased  until  you  just  see  the  test  pattern.  The 
target  voltage  should  be  increased  along  with  the 
beam  current  to  obtain  the  best  and  most  uni- 
form shading  and  low  noise.  The  actual  amount 


of  voltage  increase  will  depend  on  the  brightness 
and  contrast  of  the  scene  being  televised.  An 
adjustment  of  grid  No.  5  (beam  decelerator) 
should  now  be  made  to  obtain  the  most  uniform 
shading  from  the  center  to  the  edge  of  the  pic- 
ture. Next,  adjust  grid  No.  3  (multiplier  focus) 
for  maximum  signal  output.  Grid  No.  6  (image 
accelerator)  may  now  be  adjusted  to  produce  a 
sharply  focused  straight  line  on  the  monitor;  if 
it  is  out  of  adjustment,  the  pattern  will  be  slightly 
S-shaped. 

9-25.  The  adjustments  just  described  are  rough 
settings  that  will  require  refinements  which  vary 
somewhat  depending  on  the  camera  or  camera 
tube  used.  Figure  46  is  a  diagram  of  a  voltage 
divider  circuit  and  the  controls  necessary  to  pro- 
vide the  voltages  for  an  10  tube.  You  will  notice 
a  voltage  spread  from  +300v  to  —  500v  which 
provides  voltages  to  four  controls.  ^Notice  that  the 
-500v  is  derived  from  the  HV  power  Supply 
in  the  camera.  The  No.  1  (beam  control)  picks 
up  bias  voltage  from  the  bias  rectifier  in  the 
camera  control  unit. 

9-26.  Other  electrical  adjustments  to  be  made 
are  the  alignment  coil  current  and  focus  current. 
The  coil  current  provides  magnitude  and  direction 
of  the  magnetic  field  around  the  coil.  Alignment 
controls  are  normally  found  on  the  camera,  but 
the  current  is  derived  from  a  separate  power 
supply.  The  focus  coil  is  a  single  coil  which 
receives  current  from  a  current  regulated  power 
supply.  (This  power  supply  is  located  on  a  sep- 
arate chassis  and  is  usually  rack-mounted.)  The 
orbiter  coil  is  not  adjustable,  but  can  be  switched 
on  or  off.  The  coil  is  a  protective  feature  and 
should  be  used  at  all  times.  If  the  target  heater 
is  used  for  quick  warmup,  be  sure  and  turn  it  off 
when  operating  temperature  is  reached;  other- 
wise, the  target  may  be  damaged.  This  is  true 
if  the  heater  is  not  thermostatically  controlled  as 
in  some  cameras. 

9-27.  Diagram  analysis  and  troubleshooting. 
Assume  that  we  are  checking  a  camera  that  is 
functioning  properly  and  that  we  are  doing  this  to 
become  familiar  with  all  of  the  correct  wave- 
shapes. You  know  that  the  scanning  beam  is 
accelerated  to  the  target  by  the  tube  elements; 
however,  before  the  return  beam  will  give  us 
any  information  or  intelligence,  it  must  scan  the 
target.  You  recall  that  the  target  scan  must  be 
in  an  orderly  manner  or  sequence;  therefore,  we 
must  control  the  position  of  the  beam  at  all  times. 
This  control  is  provided  by  the  horizontal  and 
vertical  deflection  coils.  The  deflection  voltages 
which  are  fed  to  these  coils  are  usually  generated 
within  the  camera  but  they  are  triggered  by 
pulses  from  the  camera  control  (which  will  be 
discussed  in  the  next  section).   These  pulses 
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Figure  47.    Simplified  block  diagram  of  image  orthicon  camera. 


originate  in  the  sync  generator.  Figure  47  is  a 
block  diagram  showing  basic  sections  and  wave- 
forms necessary  to  produce  a  video  output  from 
the  camera  to  the  camera  control. 

9-28.  For  a  typical  camera*  vertical  deflection 
is  accomplished  in  the  following  manner.  The 
vertical  drive  pulse  from  the  camera  control  is 
coming  in  at  a  60-cps  rate  and  triggers  the  verr 
tical  sawtooth  generator.  This  signal  is  amplified 
by  a  number  of  stages  to  drive  the  vertical  de- 
flection coils.  As  indicated  by  the  diagramt  a 
signal  is  fed  back  to  the  vertical  feedback  mixer; 
thuSt  the  signal  is  reinforced  and  linearity  is 
improved.  A  signal  is  also  sent  to  drive  the 
blanking  mixer  w^ich  combines  the  blanking 
pulse  of  both  the  ertical  and  horizontal  sweep 
signals.  A  point  which  is  sometimes  missed  in  the 
study  of  the  venical  deflection  system  is  the 
direction  of  scan.  We  study  the  scanning  of  the 
picture  tube  in  a  monitor  and  find  it  is  from  top 
to  bottom;  however,  the  camera  tube  normally 
scans  from  bottom  to  top.  By  using  a  bottom-to- 
top  scan,  we  can  use  an  oS-the-shelf  camera  lens 
with  the  TV  camera.  There  are  times  when  we 
want  to  scan  from  top  to  bottom  such  as  when  we 
project  a  film  image  directly  on  the  camera  tube. 


in  which  case  the  image  is  right  side  up. '  There- 
fore, if  a  camera  is  to  be  used  for  both  purposes, 
it  is  necessaty  to  reverse  the  direction  of  scan. 
On  some  cameras,  there  will  be  a  switch  to 
reverse  the  direction  of  scan.  It  may  be  marked 
as  scan  reversal,  normal/film,  or  in  some  other 
manner  to  indicate  the  direction  of  scan.  A 
reversal  of  scan  requires  only  that  the  polarity  of 
the  vertical  deflection  coils  be  reversed.  Vertical 
centering  is  accomplished  by  applying  a  voltage 
across  the  deflection  coils;  however,  this  is  a  volt- 
age which  can  be  varied.  If  the  camera  is  de- 
signed for  reverse  scan,  it  will  probably  have  two 
centering  adjust  controls  which  can  be  preset  for 
both  directions  of  scan. 

9-29.  Using  a  scope  to  signal  trace  through 
the  various  stages  of  a  camera,  you  will  see  wave- 
forms similar  lo  those  shown  in  figure  47.  How- 
ever, for  a  particular  camera  adjustment,  you 
should  refer  to  the  specifications  for  that  camera. 
The  number  of  waveforms  and  their  configura- 
tions will  be  determined  by  the  number  of  stages 
necessary  to  achieve  signal  amplification.  With 
a  bit  of  thought,  you  should  be  able  to  reason  out 
the  signal  shape  at  the  various  places  in  the 

diagramrjri  i 


9-30.  You  remember  that  the  horizontal  drive 
pulses  are  coming  in  at  a  frequency  of  15,750 
cps.  This  gives  the  standard  ratio  of  262—  Vz 
horizontal  sweeps  to  1  vertical  sweep.  Since  the 
horizontal  pulses  are  at  a  higher  frequency^  they 
require  more  shaping;  therefore,  the  drive  pulses 
trigger  a  sawtooih  generator  which  drives  a  saw- 
tooth phase  splitter  Notice  that  the  phase  splitter 
has  two  output  signals  that  arc  180^  out  of  phase 
with. each  other.  These  two  signals  drive  two  sep- 
arate stager^ — a  driver  and  a  damper.  The  pri- 
mary of  ths  output  transformer  is  so  connected 
that  the  output  signals  of  the  driver  and  damper 
arc  added  and  thus  reinforced  to  give  a  strong 
sweep  signal  out.  The  output  from  the  trans- 
former goes  to  the  horizontal  deflection  coils  to 
the  10  protection  circuit  and  the  HV  pulse  ampli- 
fier which  drives  the  HV  rectifier.  Depending  on 
the  type  of  camera,  the  pulse  distribution  may 
be  sent  to  additional  points,  such  as  a  preampli- 
fier. 

9-31.  Once  the  vertical  and  horizontal  deflec- 
tion voltages  are  generated  and  applied  to  cause 
the  beam  to  scan  the  target  image,  a  video  pic- 
ture signal  is  generated.  This  signal  is  amplified 
by  the  video  preamplifier  section  which  may  be 
composed  of  a  number  of  stages.  The  pream- 
plifier section  may  be  built  into  the  camera  or 
it  may  be  a  plug-in  unit;  in  any  case,  it  serves  to 
strengthen,  shape,  and  compensate  the  signal.  It 
is  designed  to  give  an  overall  high-quality  re- 
sponse. Its  output  goes  to  the  viewfinder  and 
via  cable  to  the  camera  control  unit.  A  block 
diagram  of  the  preamplifier  is  not  included  be- 
cause the  signal  waveforms  are  essentially  the 
same  throughout;  what  variations  there  are  may 
be  peculiar  to  the  particular  camera. 

9-^2.  Troubleshooting  a  camera  with  a  scope 
is  relatively  easy  so  far  as  locating  the  stage  or 
basic  circuit  is  concerned.  For  example,  if  you 
had  a  straight  horizontal  line  on  the  viewfinder, 
you  would  immediately  check  the  deflection  cir- 
cuits. After  you  had  determined  that  the  deflec- 
tion circuit  is  not  faulty,  you  would  simply  check 
the  output  of  the  stages  until  you  located  the 
trouble.  Having  located  the  stage,  the  scope 
could  be  used  to  find  the  point  in  the  stage 
where  the  signal  was  absent  or  improper.  As  you 
gain  experience,  you  will  recognize  linearity  dis- 
tortion and  know  exactly  where  to  look  for  the 
trouble.  If  it  is  vertical  linearity,  the  trouble  is 
probably  in  the  feedback  circuit.  Suppose  the 
horizontal  linearity  is  poor;  you  would  check  the 
waveforms  of  the  horizontal  circuits.  If  you  find 
from  the  indications  that  there  is  no  sufficient 
blanking  signal,  you  should  immediately  check 
the  blanking  circuits  with  a  scope  to  determine  if 
the  signak  is  absent  or  just  weak.  When  a  trouble 


is  noticed  on  a  monitor,  for  example  the  view- 
finder  monitor  on  the  camera,  you  must  not  im- 
mediately assume  that  the  camera  is  at  fault. 
The  more  experienced  maintenance  man  will  al- 
ways know  to  compare  the  viewfinder  with  the 
camera  control  monitor  and  perhaps  with  a  line 
or  utility  monitor.  The  camera  control  has  a 
built-in  scope  that  can  be  used  as  an  aid  to 
troubleshooting.  Picture  monitors  and  the  built- 
in  scopes,  will  be  discussed  in  the  next  chapter, 
but  let  us  look  now  at  camera  control  unit  and 
its  controls. 

10.  Comoro  Control 

10-1.  We  have  chosen  to  discuss  the  10  cam- 
era control  because  an  understanding  of  it  will 
enable  you  to  maintain  other  camera  control 
consoles.  Earlier,  you  were  made  aware  of  a 
number  of  controls  that  are  located  on  the  cam- 
era control.  In  addition  to  the  controls  related 
to  the  camera,  the  control  unit  performs  the 
necessary  steps  to  obtain  a  composite  television 
signal. 

10-2.  Functions.  Including  controls  and  cir- 
cuits, we  can  list  six  basic  functions  that  can  be 
performed  by  the  camera  control  unit. 

•  Remote  adjustment  of  the  various  voltage 
potentials  necessary  to  the  operation  of  the  lO 
camera. 

•  Correction  for  shading. 

•  Correction  for  black  and  white  compress- 
ion. 

•  Provision  for  signal  amplification  to  the 
level  required  for  transmission. 

•  Adjustment  for  proper  blanking  and  black 
level. 

•  Addition  of  sync  pulses  in  a  simple  system. 
(In  a  complex  system,  the  sync  pulses  are  added 
in  the  switcher,  which  will  tse  discussed  in  the 
next  numbered  section.) 

10-3.  Operational  adjustments.  The  remote 
adjustments  of  the  various  voltage  potentials 
necessary  to  operate  the  10  camera  were  dis- 
cussed in  the  previous  section  under  the  heading 
Adjustments  and  alignments  and  illustrated  in 
figure  46.  The  adjustments  we  will  consider 
here  have  to  do  with  the  picture  shading  and 
black-to-white  fidelity.  You  must  realize  that 
it  takes  two  maintenance  men  to  set  up  a  camera 
properly,  one  man  on  the  camera  and  one  on  the 
camera  control.  They  must  be  able  to  talk 
clearly  and  work  together  to  get  a  good  video 
signal. 

10-4.  The  camera  control  amplifies  a  video 
signal  coming  from  the  preamplifier  in  the 
camera;  meanwhile,  other  things  are  also  hap- 
pening, (see  fig.  48).  While  the  video  signal  is 
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Figure  48.    Block  diagram  of  camera  control  unit. 
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being  amplified*  it  may  lose  its  d-c  component; 
the  clamper  circuits  restore  it.  To  furdier  in- 
crease the  overall  flat  response  for  the  wide 
band  of  frequencies  (approximately  8  mc)»  it  is 
necessary  to  use  frequency-compensating  circuits 
and  degenerative  feedback. 

10*5.  Blanking  signals  from  the  sync  genera- 
tor are  fed  into  the  blanking  clipper,  which  is 
coupled  to  the  output  of  the  video  amplifier, 
thus  adding  blanking  to  the  video  signal.  An- 
other output  of  the  blanking  clipper  is  used  as 
an  input  for  the  setup  amplifier.  This  is  a  cath- 
ode follower  stage  which  is  coupled  to  one  of 
the  final  video  amplifier  stages.  A  definite  re- 
i  tionship  is  therefore  established  between  signal 
c  lack  and  reference  black.  Notice  that  the  sync 
signal  is  not  inserted  until  the  final  output,  and 
then  to  only  one  of  the  output  points. 

10-6.  Shading  and  stretch  circuits.  Shading 
signals  are  also  added  at  the  video  amplifier  to 
compensate  for  horizontal  or  vertical  shading. 
Some  shading  compensation  is  added  in  the 
camera;  however,  to  improve  the  picture,  more 
shading  compensation  is  inserted  in  the  camera 
control  video  amplifier.  The  horizontal  shading 


is  inserted  at  the  input  of  the  first  video  ampli- 
fier, whereas  the  vertical  shading  is  inserted  at 
the  cathode  of  the  clipper  amplifier.  Tne  shad- 
ing signal  can  be  varied  until  it  is  equal  in  am* 
plitude  but  opposite  in  phase  to  any  spurious 
horizontal  or  vertical  shading  signals  which  may 
be  present;  thus,  any  undesired  shading  can  be 
canceled. 

10-7.  As  already  mentioned,  the  controls  are 
initially  adjusted  when  the  camera  is  set  up  at 
the  start  of  the  day,  with  the  exception  of  screw- 
driver adjustments  which  are  set  up  and  left 
alone.  On  most  of  the  camera  control  units,  the 
only  time  that  you  need  to  readjust  the  screw- 
driver-type controls  is  when  you  change  tubes 
or  a  tube  deteriorates.  There  are  other  controls 
(fig.  49)  that  are  adjusted  from  the  camera 
control  console  after  the  camera  is  all  set  up 
and  operating.  Before  these  controls  can  be  ad- 
justed, the  camera  must  be  operating  and  fo- 
cused on  a  scene;  if  the  ficene  is  normal,  the 
switches  will  be  in  the  normal  position.  If  the 
scene  is  mostly  white,  SI  and  the  white  stretch 
switch  S2  will  be  put  in  the  stretch  position;  ii  it 
is  a  dark  scene,  SI  and  the  black  stretch  switcl 
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S3  will  be  placed  in  the  stretch  position.  The 
stretch  circuits  adjust  the  point  of  operation  up 
and  di)wn  the  characteristic  curve  of  the  tube. 
The  white  stretch  circuits  amplify  the  white 
scenes  which  were  compressed  due  to  the  char- 
acteristics of  the  lO  tube.  The  black  scenes  are 
amplified  to  correct  for  the  black-scene  com- 
pression, which  will  normally  take  place  in  a 
kinescope.  Therefore,  with  this  correction  made, 
the  scene  being  viewed  will  be  displayed  cor- 
rectly. The  corrections  made  by  the  stretch  cir- 
cuits increase  the  amplitude  of  the  signals  above 
the  standard  levels;  therefore,  the  gray  scale 
gain  control  circuit  is  incorporated  to  afford  an 
adjustment  back  to  the  standard  video  level. 

I()>8.  Trouble  diagnosis.  With  the  preceding 
discussion  still  in  mind  and  using  figure  48  as  a 
reference,  what  stage(s)  would  you  check  first 
if  you  found  that  your  predominently  white 
scenes  looked  more  gray  than  white?  Your  first 
action  should  be  to  use  the  white  stretch  control. 
If  this  does  not  correct  the  problem,  then  you 
should  check  the  gray  scale  amplifier  circuit  and 
then  proceed  to  check  the  white  stretch  circuit 
(operation  of  switches  and  voltage  dividers). 
If  the  black  scenes  seemed  to  be  washed  out, 
.you  should  check  the  same  amplifier  and  the 
black  stretch  circuit.  If  you  notice  blanking 
signals  appearing  on  the  control  monitor  but  not 
on  the  vicwfinder,  you  should  check  the  blank- 
ing clipper.  Other  determinable  troubles  are 
caused  by  loss  of  drive  to  the  vertical  and  hori- 
zontal deflection  circuits.  Such  troubles  produce 


symptoms  that  lead  you  to  check  the  associated 
amplifier  circuits.  When  there  is  a  loss  of  bias 
voltage,  you  need  to  check  the  bias  rectifier 
circuit  or  the  preceding  horizontal  circuits.  It  is 
important  to  realize  that  your  troubleshooting 
speed  depends  in  large  measure  upon  your 
ability  to  reason  through  a  problem  and  also 
upon  your  understanding  of  this  equipment. 

10-  9.  Not  all  camera  control  units  are  con 
sole-mounted.   There  are  also  field-type  units 
The  field  units  perform  the  same  basic  function" 
as  the  console  units  and  the  circuits  are  about  the 
same.  Their  function  controls  are  located  on  the 
outside  of  the  unit.  However,  those  controls  that 
are  associated  with  the  adjustment  of  the  pictur 
and  waveform  monitor  are  usually  located  in  le 
convenient  places,  such  as  recessed  panels  on 
the  top  or  sides.  These  controls  will  be  placed 
and  grouped  differently  on  the  field  unit  because 
they  are  designed  for  portability. 

11.  Switchers  ond  Video  Amplifiers 

1 1-  1.  In  a  complex  system,  a  switcher  may  be 
a  sophisticated  piece  of  equipment.  We  will 
consider  the  functions  it  can  serve  and  describe 
the  manner  in  which  they  are  accomplished.  A 
switcher  contains  video  amplifiers  which,  as  you 
know,  are  used  extensively  throughout  a  TV 
system.  Therefore,  our  discussion  of  video  am* 
plifiers  will  be  broad  in  scope  and  applicable  to 
virtually  all  equipments  employing  them. 

11-2.  Switchers.  Switching  equipment  is  neces- 
sary in  all  but  the  simplest  television  installation. 
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it  functions  so  that  the  video  output  from  one  of 
several  television  signal  sources  can  be  selected 
and  sent  to  one  of  several  outgoing  paths  in  a 
distribution  system.  In  a  complex  closed-circuit 
application,  switching  equipment  is  set  up  to 
.^Iso  provide  for  program  monitoring  and  pre- 
viewing: video  switching  between  studio  cam- 
eras, film  cameras,  and  remote  pickups;  and  spe« 
cial  effects  such  as  fading  and  lap  dissolving. 

11-3.  Video  switchers,  which  may  operate 
either  directly  or  remotely  by  relay,  employ 
pushbutton  switching.  Zero  time  interval  during 
the  transfer  woutd  be  ideal,  but  since  this  is  im- 
practical, switchers  are  designed  to  effect  the 
transfer  in  one  of  two  ways,  either  gap  switching 
or  overlap.  For  camera  switching,  a  slight  overlap 
is  generally  introduced;  the  second  signal  is 
switched  in  before  the  first  is  removed.  This 
double  termination,  or  msike-b«fore-break,  pre- 
vents undesirable  flashes  and  avoids  black  areas. 
For  preview  monitors,  however,  and  for  master 
control  switching  between  programs,  the  transfer 
is  made  over  live  lines,  and  gap,  or  break-bcfore- 
makc.  switching  is  employed.  Both  the  gap  and 
the  overlap  methods  permit  video  transfer  with 
a  minimum  of  picture  disturbance. 

11-4.  Block  diagram  analysis.  Switching 
equipment,  in  addition  to  making  the  signal 
transfer,  also  performs  several  other  functions. 
Synchronization  is  inserted,  and  the  transfer  is 
smoothly  made  with  fade-ins  and  fade-outs,  lap 
dissolves,  or  such  special  effects  as  diagonal 
wipes.  Or.  instead  of  switching,  two  signals  may 
be  superimposed  (as  when  titles  are  flashed  over 
a  picture),  or  mixed  in  split-screen  montages. 
Furthermore,  there  are  provisions  for  preview- 
ing the  video  and  monitoring  the  output  line. 

11-5.  The  switching  equipment,  to  perform 
these  various  tasks,  includes  the  following  com- 
ponents: the  basic  switching  unit,  or  relay  chas- 
sis; the  fader  assembly;  isolation  and  gain 
stages;  special  effects  and  lap-dissolve  amplifiers, 
which  may  be  fed  back  to  the  video  input  for 
previewing  before  switching;  and  mixing  or  out- 
put amplifiers,  where  synchronization  is  added, 

11-6.  Figure  SO  is  the  block  diagram  of  a 
versatile  switcher  with  a  number  of  inputs;  some 
are  for  local,  noncomposite  inputs  (studio  and 
film  cameras),  and  others  are  for  composite  or 
noncomposite  inputs  from  remote  sources  or 
from  additional  local  cameras.  In  addition,  the 
preview  channel  contains  an  input  which  is  used 
for  monitoring  the  line  or  off-the-air  signal. 
Note  th;it  the  program  transfer  switch  permits 
the  preview  channel  to  be  used  for  the  program 
output  while  the  two  fader  channels  are  being 
used  for  the  previewing  output  to  preset  lap 
dissolves,  fades,  or  superpositions.  The  signal  is 
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strengthened  and  isolated  for  distribution  by 
video  amplifiers.  These  amplifiers  will  be  stud- 
ied subsequently. 

11-7.  Suppose  that  you  have  a  camera  signal 
to  input  1  of  figure  50.  The  signal  could  be 
selected  from  fader  A  or  fader  B  for  amplifica- 
tion  in  the  fade  channel.  From  the  program 
transfer  switch  to  the  preview  output  or  the 
program  output,  it  picks  up  the  sync  signal. 
Since  this  is  a  camera  signal,  the  sync  input  is 
necessary  for  inserting  the  sync  pulses  prior  to 
transmission.  The  monitor  input  is  used  when 
a  composite  video  input  is  obtained  from  a 
receiver  or  picture  monitor.  Observe  that  this 
input  can  be  transferred  to  the  preview  output 
or  to  the  program  output. 

11-8.  There  are  complicated  switchers  com- 
posed of  standard  relay  racks  with  pushbutton 
panels  suitable  for  a  more  complex  video  switch- 
ing system.  They  are  designed  for  use  in  a 
studio  control  room  or  a  master  control  room 
and  can  be  set  up  to  handle  from  six  to  twelve 
inputs  and  from  two  to  six  outputs.  Automatic 
circuits  which  insert  the  local  synchronizing  sig- 
nal permit  the  handling  of  remote  inputs,  and  the 
addition  of  a  panel  of  jacks  and  video  patch 
cords  provides  rapid  and  efficient  output  dis- 
tribution. The  pushbutton  panels  may  be  housed 
in  any  remote  location  convenient  for  program 
monitoring,  and  the  relays  which  accomplish  the 
actual  switching  may  also  be  located  where  most 
convenient.  This  permits  full  flexibility  in  sta- 
tion layout,  and  simplifies  the  addition  of  studio 
facilities  to  handle  expanded  operations.  Even  a 
modest  or  simple  installation  should  be  planned 
and  equipped  with  regard  to  possible  future 
expansion  in  order  that  discarded  facilities  and 
additional  cost  will  be  kept  to  a  minimum. 

1 1-9.  Trouble  diagnosis.  Normally  the  switcher 
is  regarded  as  a  trouble-free  piece  of  equip- 
ment. Perhaps  from  your  own  experience  you 
have  drawn  this  conclusion.  Although  few 
troubles  occur  in  a  switcher,  they  do  occur 
occasionally;  therefore,  it  will  be  much  easier  to 
quickly  troubleshoot  and  repair  a  switcher  if  you 
know  some  probable  troubles.  Again  referring 
to  figure  50,  suppose  that  you  punch  up  a  pre- 
view of  number  one  input  and  ydu  get  a  very 
good  picture.  However,  when  you  punch  it  up 
on  fader  A,  you  cannot  get  a  program  output 
monitor  picture.  This  is  assuming,  of  course, 
that  the  fader  control  is  moved  in  the  *1n'* 
position.  But,  when  you  go  to  fader  B,  you  get 
a  picture;  thus,  you  draw  the  conclusion  that  a 
bad  amplifier  or  a  bad  switch  contact  can  be  the 
trouble.  The  next  logical  step  is  to  check  an- 
other input  to  fader  A  and  see  if  you  get  a 
picture.  If  you  do  get  a  picture,  the  amplifier 
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Figure  SI .    Simplified  a-c  circuit  of  RC-coupled 
amplifiers  showing  shunting  capacitances. 

is  good;  you  should  then  check  continuity  from 
input  1  to  the  amplifier.  Since  the  switches  can 
cause  trouble,  you  must  observe  the  relationships 
of  the  various  switches.  The  trouble  can  possi- 
biy  be  the  result  of  one  or  more  faulty  switches 
If  the  trouble  is  in  a  switch,  it  will  usually  be 
indicated  by  picture  noise  or  erratic  operation 
Many  times  this  trouble  can  be  eliminated  by 
Cleaning  the  switch  contacts. 

11-10.  Video  Amplifiers.  You  know  from 
previous  training  that  video  amplifiers  are  wide- 
band  amplifiers  with  a  frequency  range  extend- 
ing from  a  low  value  of  cps  up  into  the  mega- 
cycles.  These  amplifiers  are  -ised  extensively 
throughout  a  TV  system.  They  are  found  where- 
ever  there  is  a  requirement  to  amplify  a  complex 
waveform.  ^ 

11-11.  Types.  Performance  characteristics  of 
video  amplifiers  depend  in  large  measure  upon 
the  type  used.  Three  common  types  are  picture 
signal  (or  vision),  isolation  (or  utility),  and 
pulse.  Their  names  are  indicative  of  their  func- 
tion and  application.   Picture  signal  amplifiers 
must  have  a  sufficiently  wide  band  to  handle 
the   frequencies   necessary   for   good  picture 
fidelity.  Such  amplifiers  are  found  wherever  it 
IS  necessary  to  strengthen  the  picture  signal.  Re-' 
call  that  such  amplification  is  accomplished  in 
the  camera.  Monitors,  which  are  covered  in  the 
following  chapter,  also  incorporate  many  stages 
of  this  type  of  amplifier.  Both  isolation  and  pulse 
amplifiers  are  used  for  distribution  purposes  In 
such  cases,  they  are  called  DA's  (distribution 
amplifiers).  Isolation  amplifiers  are  designed  for 
very  broad  response  (up  to  8  mc  or  more),  but 
have  comparatively  low  gain.  They  serve  pri- 
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Figurt  52.    Effects  of  load  resistance  on  frequency 
response  of  an  RC  coupled  amplifier. 


manly  a«  buffers  to  isolate  one  viJet;  circuit  from 
another  and  are  located  at  junction  points  m  a 
v.dco  di.stribu:ion  network.  Th-  pulse  amplifier 
li  emploved  for  pulse  distribution;  e.g..  irora  the 
sync  generator  to  various  camera  units.  Also 
many  are  used  within  equipments  for  pulse  am- 
plification. Their  bandpass  response  and  charac- 
teristics depend  upon  the  pulse  shape  thev  must 
strengthen  or  reproduce. 

11-12.  Broadenins  bandwidth.  Because  the 
means  of  broadening  the  frequency  response  of 
transistor  amplifiers  is  identical  in  principle  with 
that  of  electron-tube  amplifiers,  our  treatment 
will  be  for  the  most  part  a  review.  Nevertheless 
It  should -  make  you  mindful  of  the  distinctive 
design  of  video  amplifiers  and  aware  of  tlie  fact 
that  transistor  amplifiers  can  be  so  desianed.  We 
will  discuss  matters  pertaining  to  frequency  re- 
sponse limitations,  and  broadening  bandwith  for 
wideband  signals. 

11-13.  Any  type  of  coupling,  except  direct 
coupling,  causes  the  low  frequencies  to  be  at- 
tenuated and  shifted  in  phase.  Resistance  capaci- 
tance (RC)  coupling  causes  a  certain  amount  of 
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Figure  53.    Low-frequency  compensating  circuit. 

trouble  at  the  low  end  of  the  band  mainly  be- 
cause the  reactance  of  the  capacitor  increases  as 
frequency  decreases.  Since  it  is  in  series  with  the 
input,  to  the  succeeding  stage,  this  reactance 
causes  gain  losses  and  time  delays  for  low  fre- 
quencies.  Unless  very  low  frequencies  arc  re- 
quired, however,  the  coupling  capacitance  can 
generally  be  made  large  enough  to  minimize 
these  effects.  Thus.  RC  coupling  poses  no  serious 
limitations  to  low-frequency  response.   On  the 
other  hand,  impedance  coupling  and  transformer 
coupling  do.   These  latter  types  are  inherently 
poor  for  low-frequency  amplification  because  the 
load  impedance  decreases  aiid-becomes  more  and 
more  inductive  as  frequency  decreases.  This 
causes  appreciable  frequency  and  phase  distor- 
tion. 

1 1-I4.  The  transistor  itself  ha.s  a  great  deal  to 
do  with  high-frequency  response;  its  alpha  cut- 
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off  frequency  and  internal  capacitances  are 
limiting  factors.  It  should  have  very  low  internal 
capacitances  and  its  alpha  cutoff  frequency 
should  be  well  above  the  required  upper  limit  of 
response.  Special  high-frequency  types  are  most 
suitable  for  video  applications. 

11-15.  Shunting  capacitances  are  shown  in 
figure  51  as  output  capacitance  Co  and  input 
capacitance  Ci.  These  capacitances  are  made  up 
of  the  transistor*s  internal  capacitances  plus  wir- 
ing and^  stray  circuit  capacitances.  Q  and  Q 
are  in  parallel  with  the  load;  so  the  higher  the 
frequency,  the  lower  the  load  impedance.  Conse- 
quently, frequency  distortion  and  phase  distortion 
become  worse  with  increasing  frequency. 

11-16.  Because  of  these  frequency-response 
defects,  it  is  not  possible  to  achieve  the  frequency 
response  necessary  for  video-signal  fidelity  un- 
less modifications  are  made.  Let's  give  pur  atten- 
tion, therefore,  to  the  ways  in  which  bandwidth 
can  be  extended. 

11-17.  Like  an  RC-coupled  electron-tube  am- 
plifier, an  RC-coupled  transistor  amplifier  can  be 
designed  to  handle  video  signals  satisfactorily. 
The  curves  in  figure  52  show  that  reducing  the 
value  of  load  resistance  (R',.  is  less  than  Rl) 
gives  a  much  broader  response.  This  broaden- 
ing is  acquired  at  the  cost  of  overall  gain.  Note 
also  that  the  low-frequency  response  is  sacrificed 
somewhat.  Gain  can  be  improved  by  using  addi- 
tional stages,  but  there  is  no  improvement  in 
low-frequency  response.  In  fact,  it  is  depreciated. 
Moreover,  to  reduce  the  load  resistance  beyond 
a  certain  point  is  impractical  and  costly.  There- 
fore, in  addition  to  having  a  comparatively  small 
value  of  load  resistance,  an  RC-coupled  video 
amplifier  often  contains  frequency-compensating 
circuits  to  extend  its  response  over  the  required 
range. 

11-18.  The  parallel  arrangement  of  Rtv  and 
Ci.K  shown  in  figure  53  constitutes  a  low-fre- 
quency compensating  circuit.  Capacitance  Ctv 
is  of  such  a  value  that  it  is  virtually  a  short  circuit 
to  midfrequencies  and  high  frequencies,  but  it 
offers  increasing  reactance  to  low  frequencies; 
the  lower  the  frequency,  the  greater  the  react- 
ance. Therefore,  only  the  low  frequencies  are  af- 
fected. The  proper  combination  of  Rtp  and 
Ci.K  raises  the  gain  and  causes  phase  shifts 
which  compensate  for  the  attenuation  and  phase 
distortion  caused  by  the  coupling  capacitor  C. 
As  a  result,  uniform  response  is  extended  to  in- 
clude the  desired  low  frequencies. 

11-19.  Although  all  shunting  capacitances  that 
attenuate  high  frequencies  cannot  be  eliminated, 
their  undesirable  effects  can  be.  This  is  done  by 
means  of  resonant  ;«aking  circuits  which  use  the 
shunting  capacitances.  High-frequency  compen- 


sation can  be  achieved  by  shunt,  series,  or  series- 
shunt  peaking. 

.11-20.  Note  in  figure  54, A,  that  the  inductor 
L  is  in  shunt  with  Co  and  Q.  Such  an  arrange- 
ment is  called  shunt  peaking  (or  shunt  compen- 
sation). The  inductance  of  L  goes  into  parallel 
resonance  with  the  shunting  capacitance,  thereby 
increasing  the  load  impedance  at  high  fre- 
quencies (see  fig.  54,C)  and  widening  band- 
width, as  shown. 

11-21.  Series  peaking  (or  series  compensa- 
tion) uses  an  inductance  to  form  a  series  resonant 
circuit  with  C,  (see  fig.  54,B).  As  resonance  is 
approached,  the  current  through  Ct  increases  and 
compensates  for  the  loss  of  gain  caused  by  Co. 
Frequency  response  is  approximately  the  same  as 
that  for  shunt  peaking;  this  is  also  illustrated  by 
figure  54,C. 

11-22.  Figure  55  shows  a  video  amplifier 
that  employs  shunt-series  peaking  and  low-fre- 
quency compensation.  The  type(s)  of  compensa- 
tion and  the  amount  necessary  depend  largely 
upon  the  application  and  the  bandwidth  of  the 
video  signal. 

11-23.  Another  way  to  broaden  bandwidth  is 
by  means  of  feedback.  Knowing  that  degenera- 
tive feedback  reduces  all  types  of  distortion,  it  is 
not  surprising  to  find  this  type  of  feedback  widtly 
used  in  transistor  video  amplifiers  to  extend 
bandwidth  and  improve  fidelity.  Either  part  or 
all  of  an  emitter  resistor  can  be  unbypassed  to 
provide  degenerative  action.  This  method  differs 
in  no  way  from  that  used  in  electron-tube  ampli- 
fiers. In  fact,  the  CC  amplifier  (also  called  an 
emitter  follower)  corresponds  to  a  cathode  fol- 
lower. Both  the  emitter  follower  and  cathode 
follower  are,  in  essence,  video  amplifien  that  use 
a  maximum  amount  of  degenerative  feedback 
(the  entire  output  signal  voltage  is  fed  back  to 
the  input).  Although  no  voltage  gain  can  be 
realized,  the  follower  does  give  current  and 
power  gain  and  is  most  useful  for  matching  a 
high  impedance  to  a  low  impedance. 

11-24.  A  true  emitter  follower  (CC  amplifier) 
has  no  impedance  between  the  collector  and  a-c 
ground.  If  a  resistor  of  low  value  is  inserted  in 
the  collector  circuit,  a  voltage  gain  can  be  ob- 
tained by  taking  the  output  from  the  collector. 
Actually,  this  amounts  to  having  a  CE  ampli- 
fier with  emitter  follower  action.  By  properly 
proportioning  the  collector  and  emitter  resistors, 
the  amplifier  can  be  made  to  suit  many  video 
applications. 

11-25.  Degenerative  action  can  be  obtained 
in  other  ways.  Regardless  of  the  means  chosen 
to  acquire  negative  feedback,  the  effect  is  the 
same;  frequency  response  is  extended. 
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Figure  S4.    High'frequency  compensation. 


11-26.  We  need  mention  here  that  for  an  r*f 
canier  system,  r*f  and  i-f  amplifiers  must  have 
an  overall  bandwidth  which  is  broad  enough  to 
pass  all  the  video  information.  The  bandwidth 
of  tuned  amplifiers  is  broadened  by:  (1)  lower* 
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Figure  55.    Video  ampiifier  with  compensation  circuits. 


ing  the  Q  of  the  tank  circuits,  (2)  close  coupling, 
and  (3)  stagger  tuning.  By  one  or  a  combina- 
tion of  these  ways,  the  required  band  of  fre- 
quencies can  be  developed  for  detection  and  sub- 
sequent video  amplification. 

11-27.  Comparison  of  transistor  and  tube 
video  amplifiers.  Although  a  high  gain  (about 
40  db)  can  be  obtained  from  a  single  transistor 
amplifier,  input  and  output  impedance  require- 
ments limit  the  gain  to  much  lov/er  values.  Ordi- 
narily it  takes  two  transistor  stages  to  obtain  a 
gain  comparable  to  a  single  pentode  tube  ampli- 
fier. Even  so,  the  power  supply  requirements 
and  space  occupied  by  transistor  amplifiers  are 
considerably  less  than  those  of  tube  amplifiers. 

11-28.  Good  quality  transistors  with  high-fre- 
quency cutoff  values  (20  mc  and  better)  are 
plentiful  nowadays.  Therefore,  attaining  the 
high-frequency  response  needed  for  a  video  sig- 
nal poses  no  serious  problem.  In  fact,  with  low- 
gain  per  stage,  the  high*frequency  response  may 
be  quite  adequate  for  excellent  performance. 
Considering  the  adaptability  of  transistors  to 
direct  coupling,  it  is  not  surprising  to  find  this 
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Figure  56,    Transistor  video  amplifiers. 
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coupling  used  extensively  to  insure  low-fre- 
quency response  and  d-c  transfer.  The  use  of 
direct  coupling  and  low-gain  amplification  makes 
compensating  circuits  unnecessary  in  many  cases. 
Although  we  showed  that  a  transistor  video  am- 
plifier circuit  may  incorporate  compensating  cir- 


cuits, you  should  realize  that  some  do  not  Figure 
56  shows  two  such  circuits  which  are  common- 
place. Note  the  simplicity  of  these  arrangements. 
You  should  recognize  these  configurations  and 
know  why  video  amplification  is  attainable  with- 
out compensating  circuitry. 
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Monitoring  Facilities 


MONITORING  facilities  and  the  number  of 
video  display  equipments  depend  largely 
upon  the  size  and  complexity  of  a  system.  As  a 
maintenance  man,  you  are  well  aware  of  the 
importance  of  monitora.  Undoubtedly,  much  of 
your  troubleshooting  and  repair  has  dir^tly  or 
indirectly  uivolved  various  types  of  monitora.  Re- 
gardless of  the  type  Oi  coirfiguration,  monitora 
have  certain  essential  sections.  In  this  chapter 
we  will  identify  these  sections  and  discuss,  in  a 
comparative  manner,  the  viewfinder,  utility,  and 
combination  (camera  control  or  master)  moni- 
tora. As  before,  we  have  chosen  to  analyze 
transistor  circuitry.  By  so  doing,  we  can  further 
your  transistor  training  while  discussing  the  op- 
erating principles  of  monitor  equipment.  Test- 
points  and  waveforms  relevant  to  adjustments, 
alignment,  and  tuning  are  also  discussed.  Using 
a  block  diagram  of  a  master  monitor,  we  will 
diagnose  troubles  from  known  symptoms. 

12.  Monitors 

12-1.  Technical  penonnel  rely  upon  monitora 
to  check  the  condition  of  the  television  picture 
and  video  waveform  being  transmitted;  therefore, 
both  picture  monitora  and  wavefonn  monitora  are 
needed.  Picture  monitora  use  direct-view  display 
kinescopes  and  contain  many  of  the  essential 
sections  found  in  TV  receivera.  Many  of  the 
principles  covered  in  this  chapter  will  be  fully 
applicable  to  our  study  of  receivera  m  the  fol- 
lowing volume.  Since  monitora  reproduce  a 
picture  from  a  video-frequency  signal,  the  signal 
is  generally  taken  directly  from  a  video  Ime. 
However,  in  an  extensive  closed-circuit  system, 
provision  is  made  for  monitora  to  take  the  de- 
modulated output  of  a  receiver.  For  r-f  distribu- 
tion, the  receiver's  r-f  and  i-f  sections  are  neces- 
sary to  obtain  the  video-frequency  signal  for  the 
monitor.  The  picture  monitor  is  used  in  this 
manner  because  it  is  designed  to  have  a  broader 
bandpass  and  better  gray-scale  reproduction 
characteristics  than  the  video  section  of  a  com- 


parable receiver.  In  other  words,  the  receiver- 
monitor  combmation  gives  a  higher  quality 
picture  than  a  receiver  designed  for  ordinary 
viewing.  We  mention  this  to  point  up  the  qualita- 
tive superiority  of  picture  monitora. 

12-2.  The  combination  of  waveform  monitor 
and  picture  monitor  is  used  in  conjunction  with 
the  camera  control  imit  studied  in  the  preceduig 
chapter.  The  wavefonn  monitor  displays  the 
video  signal  on  a  CRT  so  that  the  waveform 
can  be  checked  against  the  signal  standards  of 
the  system.  A  combination  monitor,  picture  and 
waveform,  is  also  used  as  a  master  monitor  to 
display  the  picture  and  video  signal  being  trans- 
mitted. More  will  be  said  about  master  monitora 
after  we  have  considered  picture  and  wavefonn 
monitora  separately. 

12-3.  Essential  Sections.  Figure  S7  shows  the 
block  diagram  of  a  picture  monitor.  The  com- 
posite video  signal  is  fed  into  the  video  section, 
which  consists  of  video  amplifiera  and  a  d«c  re- 
storer. This  section  contains  sufficient  amplifying 
stages  to  develop  the  output  signal  strength  re- 
quired. Note  that  there  are  two  outputs  taken 
from  the  video  section  of  this  monitor.  One  out- 
put signal  is  obtained  from  the  d-c  restorer  cir- 
cuit and  sent  to  the  cathode  or  grid  of  the  kine- 
scope. This  signal,  which  contains  all  the  picture 
information,  effectively  modulates  the  intensity 
of  the  kinescope's  electron  beam.  The  other 
signal  that  is  coupled  into  the  sync  section  is  used 
to  obtain  timing  pulses  for  the  vertical  and  hori- 
zontal section.  We  should  mention  here  that  the 
sync  section  is  not  essential  to  all  monitora.  For 
example,  recall  that  the  viewfinder  monitor  uses 
the  camera's  output  signal,  which  does  not  con- 
tain any  sync  pulse.  This  type  monitor  will 
most  likely  have  separate  uiputs  of  horizontal  and 
vertical  drive  for  timing  the  horizontal  and 
vertical  sections,  respectively.  In  our  block  dia- 
gram we  have  mdicated  a  switch  S.  Many  pic- 
ture monitora  provide  such  a  switch  so  that  either 
sync  pulses  (from  the  sync  section)  or  drive 
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FiflUTt  57.    Sections  of  a  picture  monitor. 

pulses  (from  separate  inputs)  may  be  selected 
for  timing  purposes.  The  vertical  section,  of 
course,  generates  and  shapes  the  signal  that  is 
sent  to  the  yoke's  deflection  coil  for  vertically 
scanning  the  kinescope*s  screen.  Usually,  a  ver- 
tical blank  signal  is  also  obtained  from  this 
section  and  applied  to  the  kinescope's  grid  or 
cathode  to  insure  beam  cutoff  during  vertical 
flyback.  The  horizontal  section  develops  signals 
for  horizontal  scanning  and  blanking.  In  addi- 
tion, this  section  provides  the  excitation  signal 
for  the  high* voltage  d-c  supply.  Low  voltage  is 
developed  from  the  60-cps  line  input  as  shown. 

12*4.  Look  now  at  figure  58  and  observe  that 
the  waveform  monitor's  block  diagram  differs 
from  that  of  a  picture  monitor  (fig.  42),  You 
should  recognize  the  waveform  monitor  to  be  a 
cathode-ray  oscilloscope  (CRO).  It  employs  a 
cathode-ray  tube  (CRT)  and  uses  electrostatic 
deflection.  The  signal  to  be  observed  is  applied 
to  the  electrodes  of  the  CRT  after  being  amplified 
by  the  video  section.  Switch  SI  permits  selec- 
tion of  a  calibrating  signal  so  that  time  and 
amplitude  measurements  can  be  read  from  the 
scope  presentation.  A  square-wave  signal  of 
known  amplitude  and  period  is  supplied  by  the 
calibrating  section.  The  displayed  calibrating  sig- 
nal is  readily  adjusted  to  markings  on  the  scope's 
face.  Therefore,  when  the  composite  video  signal 
is  selected  by  SI,  pulse  widths  and  voltage  values 
can  be  determined.  Remember,  however,  that 
the  scope's  gain  controls  should  not  be  disturbed 
once  they  have  been  adjusted  to  give  a  calibrated 
reading.  Testing  with  a  waveform  monitor  is 
just  like  using  a  high-quality  CRO  that  has  cali- 
brating capabilities.  The  sweep  section  is  similar 
also*  but  is  designed  to  sweep  at  a  submultiple  of 
the  picture  signal  field  or  line  rate.  In  a  standard 
system,  it  ordinarily  sweeps  at  dne-half  the  field 
or  line  rate;  thus  30  cps  or  7875  cps,  respectively. 


This  one-half  field  or  line  rate  permits  viewing 
two  complete  periods  of  the  vertical  or  Jborizontal 
video  waveforms.  '"There  are  other"  features 
unique  to  this  CRO,  but  we  will  not  investigate 
them  here.  A  detailed  block  diagram  of  a  master 
monitor  will  reveal  these  features;  therefore,  we 
have  reserved  our  discussion  of  them  until  later. 
Our  purpose  here  is  simply  to  identify  the  es- 
sential sections  of  the  waveform  monitor  and 
have  you  compare  this  monitor  with  a  picture 
monitor  with  regard  to  its  basic  makeup. 

12-5.  Types  of  Monitors.  Although  you  have 
used  and  maintained  many  types  of  monitors, 
perhaps  you  have  given  little  thought  to  why  such 
a  variety  of  circuits  is  found  within  them.  Some 
of  this  variety  is  a  matter  of  the  designer's  choice; 
however,  the  number  of  stages  and  refinements 
is  mostly  dictated  by  performance  requirements 
for  a  particular  type  of  monitor.  By  type  we 
mean  whether  it  is  a  viewfinder,  utility  (line), 
or  combination  (camera  control  or  master)  moni- 
tor. These  types  contain  the  essential  sections 
discussed;  however,  the  circuitry  within  the  sec- 
tions may  differ  considerably.  This  is  mainly 
because  each  type  serves  a  different  monitoring 
purpose. 

12-6.  The  viewfinder  used  with  the  image 
orthicon  camera  is  a  comparatively  uncom- 
plicated picture  monitor.  Its  video  section  may 
have  just  two  broadband  amplifiers  and  a  d-c 
restorer  circuit!  Its  vertical  section,  which  is 
triggered  by  input  vertical  drive  pulses,  will  have 
a  blocking  oscillator  or  multivibrator,  one  or  two 
driver  stages,  and  an  output  amplifier.  The  same 
is  trife-for  the  horizontal  section,  except  of  course 
that  it  IS  triggered  by  horizontal  drive  pulses  and 
is  designed  for  a  much  higher  frequency.  Some 
viewfinders  have  several  stages  to  develop  a 
composite  blanking  signal  derived  from  the  video 
input.  These  stages  shape,  amplify,  and  mix  to 
produce  the  bi^nljyjg^gulses  of  the  width  and 
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Figure  58.   Sectioh's'of'a  waveform 
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Figure  59.    Block  diagram  of  stages  within  a  utility  monitor. 


amplitude  desired.  Since  a  small-screen  (4  to  6 
inches)  kinescope  is  used,  the  requirements  for 
good  picture  resolution  are  not  difficult  to  meet. 
The  viewfinder's  prisuiry  purpose  is  to  orient  the 
camera  for  video  pickup,  so  it  need  not  display 
the  high-quality  picture  that  must  be  displayed 
for  evaluation,  control,  or  detailed  viewing. 

12-7.  Utility  monitors  are  employed  mostly 
for  viewing  the  televised  scene  at  various  loca- 
tions throughout  a  system.  They  are  placed  within 
the  studio  for  previewing  and  line  monitoring. 
In  a  closed-circuit  system,  they  are  commonly 
used  as  the  terminal  display  equipment  for  gen- 
eral viewing.  The  size  of  the  kinescope  is  de- 
termined by  the  particular  application.  In  class- 
rooms and  offices,  24-inch  tubes  are  generally 
satisfactory.  In  a  studio,  17-inch  or  8-inch  tubes 
are  adequate  for  continuity  checks  or  cueing 
work.  Depending  upon  tube  size  and  resolution 
necessary,  utility  monitors  may  have  few  or  many 
stages  per  section.  Moreover,  you  will  find  many 
refinements  or  basic  circuits  which  improve  the 
overall  picture  quality. 

12-8.  Figure  59  shows  a  block  diagram  of  a 
utility  monitor  that  contains  the  minimum  num-^ 
ber  of  Stages  practical.  We  will  investigate  the 
circuitry  cf  each  of  these  stages  shortly.  For  now, 


it  is  sufficient  that  you  recognize  what  stages 
constitute  a  utility  monitor.  Unlike  the  view- 
finder,  this  monitor  obtains  its  sync  from  the 
composite  video  input.  A  sync  separator  is  there- 
fore an  integral  part  of  a  utility  monitor.  Note 
also  that  the  horizontal  oscillator  is  indirectly 
controlled  by  the  horizontal  sync  pulses  which 
are  used  for  afc. 

12-9.  A  combination  picture  and  waveform 
monitor  is  always  associated  with  the  camera 
control  unit.  When  this  combination  is  connected 
across  the  outgoing  circuit,  it  is  called  a  master 
monitor.  The  master  monitor  visually  displays 
the  results  of  all  mixing,  switching,  gain  adjust- 
ment, and  other  signal  manipulations.  As  pointed 
out  eariier,  the  waveform  monitor  has  built-in 
calibration  facilities  for  measurement  purposes. 
Because  this  type  of  monitor  is  designed  for 
picture  and  signal  analysis,  it  must  meet  high- 
quality  performance  specifications.  Consequently, 
it  contains  a  greater  number  of  stages  and  more 
sophisticated  circuitry  than  either  the  viewfinder 
or  utility  monitor. 

12-10.  Traiiiistor  Circuiti.  Practical  transistor 
circuits  are  connected  in  figure  60  to  make  lip  a 
monitor  schematic.  To  stress  their  operational 
features  and  pertinent  components,  only  the  nec- 
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Figure  60,    Schematic  of  transistorized  picture  momtor. 
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essary  circuits  are  shown.  Special  circuits  found 
in  manufacturers*  schematics  are  too  numerous 
and  varied  to  include.  Our  treatment  is  neces- 
sarily  limited,  but  will  be  valuable  to  you  insofar 
as  you  understand  the  functions  of  each  stage  and 
their  relationship  to  each  other.  The  most  com- 
mon transistor  configurations  have  been  selected. 
To  acquaint  you  more  with  p-n-p  transistor  bi- 
asing and  interconnections,  we  chose  to  use  this 
type  transistor  throughout,  Bear  in  mind,  how- 
ever, that  n-p-n  transistors  can  be  used  as  well, 
but  the  d-c  bias  voltages  must  be  positive.  Re- 
gardless of  the  transistor  type  (p-n-p  or  n-p-n )» 
waveforms  and  circuit  functions  are  the  same/ 
As  we  progress  through  this  schematic,  note  how 
similar  these  stages  are  to  comparable  tube  stages 
which  you  have  studied. 

12-11.  Video  section.  Any  of  the  three  tran- 
sistor configurations  can  be  used  for  the  input 
video  amplifier.  In  figure  60  we  show  a  com- 
mon-collector (CC)  video  input  stage  because 
this  configuration  is  most  popular.  Recall  that 
the  CC  arrangement  presents  a  higher  input 
impedance  and  minimizes  distortion  caused  by 
collector-base  capacitive  feedback.  Generally  a 
high  input  impedance  is  desirable,  which  explains 
the  choice  of  the  CC  amplifier.  At  testpoint  TP! 
(fig.  60),  you  see  that  the  composite  video  signal 
is  identical  to  the  input  in  phase  and  waveform. 
There  is  no  need  for  compensating  circuits  since 
the  emitter-follower  action  of  Ql  gives  the  neces- 
sary broadband  response  to  faithfully  reproduce 
the  input  video.  Direct  coupling  to  transistor 
02  insures  maximum  low-frequency  transfer  and 
also  biases  the  base  of  Q2. 


12-12.  The  video  output  stage  sho^n  has  two 
outputs  which  are  seen  at  TP2  and  TP3.  At 
TP2  the  signal  is  inverted  with  respect  to  the  in- 
put because  it  is  taken  ofr  the  collector  of  Q2, 
This  signal  goes  to  the  cathode  of  the  kinescope. 
Cathode  drive  is  frequently  prctcrrcd.  since  it 
requires  about  20  percent  less  signal  voltage  than 
grid  drive  for  the  same  beam  modulation.  To 
obtain  the  necessary  driving  power,  transistor 

02  is  supplied  a  high  collector  bias  from  the  boost 
supply  (damper  circuit  of  horizontal  section). 
The  desired  broadband  response  is  attained  with 
shunt  peaking  (coil  L)  and  the  unbypassed  emit- 
ter resistor.  This  resistor  also  serves  to  counter- 
act bias  variations  caused  by  temperature. 
Moreover,  it  develops  the  video  signal  (seen  at 
TP3)  which  is  needed  for  the  sync  section. 

12-13.  D-c  restoration  is  accomplished  by  the 
clamping  action  of  diode  Dl  in  conjunction  v/ith 
the  coupling  capacitor  CI.  The  waveform  illus- 
trated at  TP2  shows  that  the  video  signal  is 
clamped  to  the  peaks  of  the  sync  pulses. 

12-14.  Sync  section.  The  signal  at  TPS  should 
have  the  same  waveform  as  shown  at  TPl.  This 
signal  is  capacitively  coupled  into  the  sync  sepa- 
rator stage  via  the  base  of  Q3.  The  coupling 
capacitor  is  of  such  a  value  that  the  transistor 

03  is  self-biased  to  amplify  only  the  sync  pulses. 
In  other  words,  the  transistor  biases  itself  below 
cutoff;  only  the  most  negative  portion  oi  the  input 
composite  signal  drives  03  into  conduction,  Thus, 
the  sync  signal  appears  as  positive-going  pulses 
at  TP4. 

12-15,  The  separated  sync  signal  is  caoaci- 
tively  coupled  to  the  base  of  Q4.  Transistor  04 
and  its  associated  circuitry  comprise  a  phase- 
splitter  amplifier  (also  called  a  phase  inverter). 
As  illustrated  in  figure  60,  sync  signals  of  equal 
amplitude  but  opposite  phase  are  present  at  the 
collector  and  emitter  of  Q4.  This  stage  uses  fixed 
bias  to  properly  amplify  and  clip  the  signal. 

12-16.  Vertical  section.  The  vertical  section 
consists  of  a  vertical  oscillator  and  an  output 
amplifier  containing  transistors  05  and  06,  re- 
spectively. From  the  block  diagram  (fig.  59), 
recall  that  this  section  receives  its  timing  pulses 
from  the  sync  section.  We  see  on  the  schematic 
in  figure  60  that  negative-going  sync  pulses  from 
the  collector  of  04  are  applied  across  an  RC 
integrating  circuit.  The  resistor  in  series  with,  the 
input  capacitance  to  the  blocking  oscillator  is  a 
long-time  constant  circuit  for  the  horizontal  sync 
pulses.  Consequently,  only  the  vertical  sync 
pulses  are  developed  to  trigger  05.  You  should 
recognize  the  blocking  oscillator  arrangement 
incorporating  05.  The  free-ninnmg  frequency 
of  this  oscillator  is  adjusted  to  be  slightly  less 
than  the  vertical  sync  frequency.  This  is  readily 
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done  by  changing  OS's  base  bias  with  the  V-hold 
control  (see  fig.  60).  The  blocking  oscillator  is 
used  because  it  shows  less  variation  with  tem- 
perature than  a  transistorized  multivibrator.  Be- 
sides having  better  stability,  the  blocking  oscilla- 
tor has  fewer  components.  Although  a  blocking 
oscillator  ordinari^  <?tenerates  a  pulse,  a  sawtooth 
waveform  can  bt  j...<iieved  by  connecting  a  ca- 
pacitor of  the  proper  value  across  the  output;  in 
this  case,  the  capacitor  is  across  the  emitter  re- 
sistor. The  amplitude  of  the  signal  coupled  to  the 
vertical  output  amplifier  is  adjustable.  This  is 
accomplished  with  the  height  control  (labeled 
**Ht''  on  the  schematic). 

12-17.  Note  that  the  bias  on  the  base  of  Q6 
can  be  varied.  This  adjusts  the  vertical  linearity 
by  changing  the  operating  point  of  the  transistor. 
The  control  is  labeled  "V-Lin"  on  the  schematic 
and  is  used  in  conjunction  with  the  height  control 
to  obtain  a  properly  proportioned  vertical  display 
on  the  scope  screen.  As  you  know  from  experi- 
ence, both  of  these  controls  must  be  adjusted  to 
produce  a  linear  vertical  scan  of  correct  ampli- 
tude. The  function  of  the  vertical  output  am- 
plifier is  to  drive  the  vertical  deflection  coils. 
Unlike  the  tube  version  of  this  stage,  a  trans- 
former is  not  necessary  for  matching.  The  output 
impedance  of  the  transistor  circuit  is  low  enough 
to  match  the  impedance  of  the  vertical  deflection 
coils.  Thus,  the  output  is  shown  to  be  capaci- 
tivcly  coupled  directly  to  the  vertical  deflection 
coils  in  the  yoke.  At  the  low  field  frequency 
(60  cps).  the  impedance  of  these  coils  is  mostly 
resistive;  so  a  sawtooth  waveform  is  seen  at  TPS. 
The  amplitude  of  the  sawtooth  current  depends 
upon  the  kinescope  used — about  500  ma  peak  to 
peak  is  typical.  This  means  that  a  power  tran- 
sistor is  needed  since  better  than  1  watt  of  power 
is  ordinarily  required.  Efficiency  of  this  stage  is 
necessarily  low.  because  it  must  operate  class  A 
for  linear  amplification.  As  in  tube  applications, 
class  AB  or  B  push-pull  operation  may  be  used 
when  higher  efficiency  at  greater  power  levels  is 
required. 

12-18.  A  vertical  blanking  signal  is  shown 
developed  off  the  end  of  the  tapped  L.F.  choke 
that  serves  as  a  collector  load  impedance.  Note 
that  negative-going  pulses  are  sent  to  the  grid  of 
the  kinescope.  This  insures  beam  cutoff  during 
vertical  retrace.  There  are  other  ways  to  achieve 
effective  vertical  blanking.  For  example,  posi- 
tive-going pulses  can  be  developed  off  the  col- 
lector and  applied  to  the  kinescope*s  cathode. 

12-19.  Horizontal  section.  Let  us  quickly  in- 
vestigate the  schematic  to  identify  the  stages  in 
the  horizontal  section.  The  circuits  that  include 
D2,  D3.  and  Q7  constitute  the  afc  for  holding 
the  hori3^)ntal  oscillator  on  frequency.  Transis- 


tor Q8  and  its  associated  components  are  easily 
seen  to  be  a  blocking  oscillator  which  feeds  pulses 
to  the  base  of  Q9.  The  pulses  are  amplified  by 
the  driver  stage  consisting  of  Q9  and  a  pulse 
traiasformer.  The  next  stage,  of  course,  is  the 
hoiizontal  output  amplifier..  From  this  final 
sta;ge,  power  must  be  developed  to  supply  outputs 
to  the  HV  supplies,  boost  supply,  afc  input, 
horizontal  blanking  circuit,  and  horizontal  de- 
flecting coils. 

12-20.  The  inputs  to  the  horizontal  section  are 
taken  from  the  phase-splitter.  Off  the  collector 
of  Q4,  negative-going  sync  pulses  are  applied 
across  a  short-time  constant  RC  (differentiating) 
circuit.  Therefore,  negative-  and  positive-going 
spikes  appear  at  the  cathode  of  diode  D2,  as 
shown.  In  like  manner,  positive-going  sync  pulses 
(off  the  emitter  of  Q4)  are  changed  into  positive- 
and  negative-going  spikes  at  the  anode  of  diode 
D3.  At  the  same  instant  that  D3  conducts  a 
positive-going  spike,  D2  conducts  a  negative- 
going  spike  of  equal  amplitude.  Being  of  op- 
posite polarity,  they  cancel  and  therefore  do  not 
affect  the  base  bias  of  Q7.  However,  if  the  saw- 
tooth signal  coupled  into  TP6  is  not  exactly  mid- 
way between  peaks  at  the  instant  D2  and  D3 
conduct  (see  fig.  61),  an  error  voltage  changes 
the  base  bias  of  Q7.  This  change  is  amplified 
and  applied  to  the  base  of  Q8,  accordingly,  the 
frequency  of  the  blocking  oscillator  is  controlled. 

12-21.  Our  brief  description  of  the  phase  de- 
tector and  d-c  amplifier  for  afc  should  be 
adequate  for  you  to  note  that  afc  principles  are 
the  same  as  for  tubes.  Solid-state  versions  of 
other  afc  arrangements  do  not  differ  appreciably 
from  those  .  you  have  previously  encountered. 

12-22.  On  the  schematic  in  figure  60,  the  base 
bias  of  Q7  is  shown  to  be  adjustable  with  the  H- 
hoid  control.  This  adjustment  indirectly  estab- 
lishes the  free-running  frequency  of  the  hori- 
zontal oscillator  by  setting  the  base  bias  of  Q8. 
Transistor  Q8  should  be  biased  so  that  the  afc 
operates  over  its  maximum  designed  range  of 
control.  Unlike  the  vertical  oscillator,  the  hori- 
zontal oscillator  is  designed  to  give  a  pulse  output. 
The  circuit  illustrated  uses  a  three-winding  trans- 
former. The  pulses  generated  by  the  blocking 
oscillator  are  inductively  coupled  to  the  trans- 
former's tertiary  winding.  This  winding  inverts 
the  pulses  from  the  collector  circuit;  thus,  a  strong 
negative  pulse  is  fed  to  the  base  of  Q9.  The  posi- 
tive overshoot,  if  there  is  one,  does  not  affect 
Q9  since  Q9  is  biased  at  cutoff  (both  base  and 
emitter  are  at  d-c  ground). 

12-23.  Transistor  Q9  is  connected  as  a  class 
B,  CE  amplifier.  It  serves  to  develop  sufficient 
drive  for  the  horizontal  output  stage.  The  posi- 
tive-going pulses  developed  at  its  collector  appear 
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as  negative  pulses  at  the  base  of  QIO  due  tc  the 
action  of  the  coupling  transformer.  Because  of 
the  inversion  that  occurs  from  base  to  collector, 
the  pulses  seen  across  the  load  impedance  (col* 
lector  to  ground)  are  positive-going  as  illustrated. 
As  in  a  comparable  tube  horizontal  output  stage, 
the  shape  of  the  output  waveform  must  be  such 
that  it  produces  a  sawtooth  current  through  the 
deflection  coils.  This  same  waveform  is  fed  back 
to  the  phase  detector  via  a  long  time  constant 
RC  circuit.  The  voltage  developed  across  C2 
is  thexefdre  a  sawtooth  signal  which  is  seen  at 
TP6- 

12-24.  Boost  and  high-voltage  rectifying  cir- 
cuits receive  their  excitation  from  the  horizontal 
output  stage.  Note  that  the  negative  d-c  boost 
voltage  is  developed  by  the  damping  diode  D4. 
The  circuits  containing  DS  and  D6  are  half-wave 
rectifiers  that  develop  the  positive  d-c  voltages 
needed  for  the  kinescope. 

12-25.  Although  we  have  shown  no  provision 
to  adjust  the  width  of  the  horizontal  scan,  there 
are  several  ways  to  do  this.  A  common  way  is 
to  insert  a  variable  ferrite-core  inductor  in  series 
with  the  deflection  coils.  Another  way  is  to  use 
a  horizontal  output  transformer  that  has  a  vari- 
able air  gap.  It  is  also  possible  to  provide  a 
variable  bias  which  alters  Uie  gain  of  the  output 
amplifier.  Such  width  controls  practically  always 
affect  the  high-voltage  afc  feedback  and  blank- 
ing circuits.  For  this  reason,  monitors  may  not 
have  a  width  control;  instead,  their  horizontal 
output  circuit  is  designed  to  overscan  slightly. 
Sometimes  a  shorted-tums  linearity  sleeving  is 
used  to  adjust  both  horizontal  linearity  and 
picture  width  (see  fig.  62,A).  The  sleeve 
around  the  neck  of  the  kinescope  changes  the 
jiicture  width  when  it  is  moved  forward  or  back- 
ward. It  can  also  be  adjusted  to  improve  lin- 
earity of  the  horizontal  scan.  Another  method  to 
adjust  linearity  (see  fig.  62,B)  employs  a  per- 
manent bar  magnet  and  saturable  inductor  in 
series  with  the  deflection  coils.  Depending  upon 
the  closeness  of  the  magnet,  magnetic  saturation 
occurs  and  thereby  alters  the  scanning  wave- 
form. When  piroperly  adjusted,  a  linear  scan  is 
obtained. 

12-26.  Kinescope,  The  kinescope  in  a  tran- 
sistor monitor  is  essentially  the  same  as  that  in  a 
tube  set,  but  it  usually  has  a  smaller  screen  diam- 
eter and  beam  deflection  angle.  Most  transis- 
tor monitors  use  90'',  8-14  inch,  aluminized 
rectangular  picture  tubes,  because  transistor 
monitors  have  tended  to  be  battery-  or  low- 
power  sets.  Larger  screens  and  wider  deflection 
angles  are  not  economically  practical  for  such 
sets.  Aluminized  screens  are  commonpiace* 
since  they  produce  good  brightness  at  com- 


paratively low  beam  currsals,  average  vSlues  of 
75  to  150  fia  for  transistor  moniton. 

12-27.  Prefcnt-day  kinescopes  have  from  five 
to  seven  electrodes.  These  eiectrocies  are  used  in 
various  ways  to  electrostatically  control  picture 
brightness  and  focus.  The  c&thode-to-grid  po- 
tential is  made  variable  over  a  range  of  several 
tens  of  volts  so  that  the  intensity  of  the  beam, 
and  thus  picture  brightness,  can  be  adjusted. 
From  a  potentiometer,  ICQ  to  300  positive  d-c 
volts  is  applied  to  the  first  anode.  Sometimes  in 
a  pentode  kinescope,  the  first  and  second  anode 
are  connected  to  provide  a  focus  control.  .Elec- 
trostatic focus  control  is  being  used  extensively. 
Ordinarily,  you  control  the  focus  by  adjusting 
the  potential  on  one  of  the  accelerating  anodes. 

12r28.  In  addition  to  electrostatic  controls, 
there  are  magnetic  adjustments  that  are  impor- 
tant. No  doubt  you  have  found  that  these  ad- 
justments differ  somewhat  because  of  manu- 
facturing differences.  Electromagnet  controls 
have  been  replaced  for  the  most  part  by  perman- 
ent magnet  adjustments.  External  magnets, 
mounted  about  the  kinescope,  are  used  in  tran- 
sistor and  tube  monitors  to  serve  several  pur- 
poses, such  as  preventing  ion  bums,  focusing, 
centering,  and  picture  correction.  Ion-trap 
magnets  are  not  needed  for  aluminized  screens 
but  are  used  for  other  types.  A  clamp  secures 
the  ion-trap  magnet  around  the  neck.  By  design. 
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Figure  62.    Methods  of  adjusting  horizontal  linearity. 
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Figure  63.    Combination  monitor  block  diagram. 


the  electron  gun  is  aimed  into  the  neck  wall. 
When  the  ion-trap  magnet  is  properly  adjusted, 
the  electrons  are  redirected  along  the  beam  axis, 
but  the  heavier  ions  are  not.  The  ions  strike  an 
anode,  and  the  screen  is  protected  from  their 
bombardment  and  the  burning  damage  that  re- 
sults. A  focusing  magnet  is  sometimes  used  in- 
stead  of  or  in  conjunction  with  electrostatic 
focusing.  A  magnet,  called  a  beam-centering 
magnet,  is  also  fitted  around  the  neck  of  a 
kinescope  for  steering  the  beam  so  that  it  is 
centered  within  the  final  anode  aperture.  In 
addition,  a  picture-centering  magnet,  which  is 
usually  adjustable  with  a  lever  or  knob,  positions 
the  picture  properly  on  the  screen.  Lastly,  a 
magnet  is  fitted  against  the  flare  of  the  tube  to 
correct  for  geometric  distortions  and  eliminate 
comer  shadowing.  Beginning  at  the  tube  base, 
you  will  ordinarily  find  these  magnets  mounted 
in  the  following  order:  ion-trap,  focusing,  beam 
centering,  picture  centering,  and  picture  correc- 
tion. 


13.  Master  Monitor 

13-1.  Earlier  we  briefly  discussed  the  com- 
bination monitor,  and  pointed  out  that  it  is  used 
to  maintain  a  constant  check  on  the  picture 
quality  and  signal  waveform.  It  can  be  con- 
nected to  a  switching  arrangement  so  that  the 
transmitted  information  or  any  of  several  cam- 
eras can  be  monitored.  When  used  in  this  man- 
ner, it  is  correctly  called  a  master  monitor.  How- 
ever, this  name  is  also  applied  to  a  combination 
picture  and  waveform  monitor  assembled  in  a 
single  console  or  field  case.  In  this  section  we 
will  consider  how  such  an  assembly  may  be 
made.  By  investigating  a  block  diagram,  we 
will  show  how  the  picture  and  waveform  moni- 
tors can  be  interconnected.  Because  of  the 
interdependency  of  some  stages,  certain  symp- 
toms are  readily  related  to  specific  troubles. 
Therefore,  we  will  diagnose  troubles  after  ana- 
lyzing the  block  diagram. 

13-2.  Functional  Analysis.  The  block  diagram 
in  figure  63  illustrates  the  relationships  of  the 
various  stages  and  circuits  that  comprise  a  mas- 
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xa  monitor.  Moreover,  tbis  diagram  shows  how 
switches  provide  versatility  and  commonize  cer- 
tain stages  so  that  they  serve  both  :^ti|ie  picture 
and  waveform  sections.  Although  this  type 
monitor  is  more  complex  than  either  the  picture 
or  waveform  monitor  taken  singularly,  you  will 
note,  as  we  progress,  that  it  is  quite  simple  in 
some  respects. 

13-3.  Picture  sections.  Beginning  at  the  up- 
per left  of  the  block  diagram,  observe  that  the 
kinescope  signal  goes  throu^  four  stages  of 
video  amplification.  The  video  amplifiers  are 
designed  to  have  excellent  response  for  a  wide 
video  band  (about  8  mc).  To  achieve  such 
high-quality  performance,  the  gain  of  each  stage 
is  comparatively  low.  This  explains  why  it  is 
generally  necessary  to  use  numerous  stages  to 
develop  the  signal  drive  for  the  kinescope.  The 
d<  restorer  is  shown  as  a  separate  circuit,  but 
may  m  some  sets  be  an  integral  part  of  the  last 
video  suge.  Sometimes  d-c  restoration  is  as* 
sociated  with  sync  separation  so  that  it  may  be 
represented  differently  in  the  block  diagram  of 
a  particular  set.  The  composite  video  signal  for 
sync  separation  is  usually  obtained  from  the 
last  video  amplifier.  Depending  upon  the  gain 
of  the  sync  separator,  the  separated  sync  is 
coupled  to  an  amplifier,  as  indicated  in  figure 
63.  This  amplifier  may  not  be  round  in  some 
sets. 

13-4.  With  switch  SI  in  the  position  illustra- 
ted, the  separated  sync  signal  goes  to  both  the 
vertical  and  horizontal  sync  amplifiers.  The  in- 
put circuit  of  the  vertical  amplifier  integrates 
the  signal;  therefore,  only  the  vertical  sync 
pulses  are  developed.  These  pulses  become 
amplified  and  trigger  the  vertical  oscillator.  Ob- 
serve that  there  are  two  outputs  from  the  vertical 
oscillator,  one  goes  to  switch  S3  (which  will  be 
discussed  shortly)  and  the  other  goes  to  the 
vertical  deflection  amplifier  which  serves  as  a 
buffer  and  driver  stage.  Smce  the  vertical  out- 
put amplifier  is  often  a  push-pull  curcuit,  it  may 
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Fleure  64.   Effects  of  sweep  expand. 


be  represented  by  two  blocks.  Regardless,  its 
function  is  the  same;  namely,  to  produce  a  linear 
sawtooth  with  adequate  power  for  full  vertical 
deflection  of  the  kinescope's  beam. 

13-S.  Returning  to  switch  SI  and  noting  the 
signal  path  through  the  horizontal  section,  you 
find  stages  corresponding  to  those  just  described 
in  the  vertical  section.  You  know,  however,  that 
the  input  circuit  to  the  horizontal  sync  amplifier 
must  differentiate  the  sync  signal  to  obtain  only 
the  horizontal  sync  information.  Then  the  hori- 
zontal sync  pulses  are  amplified  to  trigger  the 
horizontal  oscillator.  You  may  ask,  "Why  istft 
afc  used?''  Unlike  many  picture  monitors,  which 
may  be  connected  almost  anywhere  in  the  sys- 
tem, a  master  monitor  is  connected  at  the  trans- 
mitting end.  Its  video  input  is  therefore  far  less 
subject  to  noise.  Because  of  the  high  signal-to- 
noise  ratio,  the  horizontal  sync  pulses  can  be 
used  to  reliably  trigger  the  horizontal  osciUator. 
This  gives  better  control  and  dispenses  with  the 
extra  circuitry  for  indirect  control  by  afc.  In 
this  respect,  at  least,  the  master  monitor  is  sim- 
pler. The  other  horizontal  stages  are  simUar  to 
those  of  a  picture  monitor,  but  for  a  master 
monitor  their  outputs  are  somewhat  different. 
In  addition  to  driving  the  output  amplifier,  the 
horizontal  deflection  amplifier  sends  an  output 
via  a  delay  line  (or  delay  multivibrator)  to 
switch  S3.  Therefore,  it  serves  the  waveform 
monitor  also.  The  horizontal  output  amplifier 
has  but  one  output  indicated.  It  does  not  pro- 
vide an  output  to  the  high-voltage  power  supply. 
The  d-c  high-voltage  for  the  kinescope  of  this 
type  monitor  has  stringent  requirements  which 
are  best  met  by  a  separate  high-voltage  power 
supply  unit  This  type  power  supply  was  studied 
in  Chapter  2,  Section  6  (see  fig.  27). 

13-6.  Up  to  this  point,  switch  SI  has  been 
co^idered  set  at  the  position  shown  in  figure 
63.  It  is  worthy  to  note  that  by  means  of  this 
switch,  separated-sync,  external-sync,  or  drive 
signals  can  be  selected  as  inputs  to  the  horizon- 
tal and  vertical  sections.  Study  the  diagram  to 
sec  how  this  is  done.  External  sync  is  generally 
preferred  when  the  monitor  is  used  as  a  switch- 
ing or  line  monitor,  whereas  drive  inputs  are 
used  for  monitoring  camera  equipments. 

13-7.  Waveform  CRO.  The  input  to  the 
CRO's  video  section  is  selected  by  switch  S2. 
When  S2  is  in  the  position  shown,  the  video 
signal  waveform  is  displayed  on  the  CRO*s 
screen.  This  signal  may  be  obtained  from  a 
conunon  video  signal  source  if  the  CRO  input 
and  KINE  input  terminals  are  connected  to- 
gether. Thus,  separate  input  terminals  enabV^ 
the  operator  to  observe  the  same  or  different 
video  signali  on  the  kinescope  and  CRO.  When 
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S2  is  switched  to  the  CAL  position,  a  square- 
"^..^     vwave  signal  of  known  amplitude  is  displayed  on 
Isdindv  the  CRO*s  screen.  As  explained  earlier,  such  a 
signal  makes  it  possible  to  calibrate  the  CRO 
ddi  ifib^d  thus  make  direct  measurement  readings  of 
uo\f  .  :c^n.  observed  waveform.  Note  that  the  calibra- 
bsci::-iition  circuit  (CAL  CKT  block  in  fig.  63)  obtains 
ind:  '  its  input  as  SI.  No  matter  what  position  SI  is 
in.  horizontal  pulses  (separated  sync,  external 
sync,  or  H-drive)  are  applied  to  the  calibration 
..  circuit.  This  circuit  is  generally  nothing  more 
than  a  clipper  network  that  clips  the  pulses  at  a 
'J  prescribed  known  upper  and  lower  limit. 

13-8.  Like  the  video  6ection  of  the  kinescope, 
and  for  the  same  reason,  four  stages  of  video 
amplification  are  provided.  We  also  see  d-c 
restoration  employed.  The  processed  video  signal 
is  applied  to  the  vertical  deflecting  plates  (not 
shown)  of  the  CRT.  Bear  in  mind  that  we  are 
now  dealing  with  electrostatic  deflection.  When 
a  sawtooth  of  proper  frequency  is  applied  to  die 
horizontal  deflecting  plates  of  the  CRT,  %c 
video  signal  waveform  is  displayed.  Let  us 
our  attention  therefore  to  the  means  by  whi^Ji* 
the  sawtooth  signal  is  obtained  for  horizontal  de- 
flection. 

13-9.  Switch  S3  is  marked  V  (vertical)  and 
H  (horizontal).  In  the  H  position,  pulses  from 
the  horizontal  deflection  amplifier  are  sent 
through  a  variable  delay  circuit  to  the  input  of 
the  pulse  amplifier.  The  output  of  this  ampli- 
fier synchronizes  the  CRO  sweep  generator  so 
that  the  sawtooth  signal  produced  has  one-half 
the  frequency  of  the  horizontal  oscillator  (the- 
source  of  the  pulses).  If  the  horizontal  oscillator 
frequency  is  ISJSO  cps,  then  the  CRO  sawtooth 
frequency  is  7,875  cps.  Since  the  latter  is  the 
horizontal  sweep  frequency,  two  cycles  of  the 
horizontal  video  waveform  are  displayed  on  the 
CRT's  screen.  The  variable  delay  circuit  makes  it 
possible  to  delay  the  start  time  of  the.  horizontal 
sweep  in  order  to  observe  two  complde  horizon* 
tal  blank  and  sync  pulses  in  the  videovwaveform. 
To  examine  vertical  pulses,  S3  is  set  in  the  V 
position.  When  this  is  done,  the  dashed  line  in 
the  diagram  shows  that  a  switch  at  the  CRO 
sweep  generator  is  closed  to  ground.  This  in* 
creases  the  time  constant  and  decreases  the 
free-running  frequency  of  the  sweep  generator 
to  a  value  slightly  less  than  one-half  the  vertical 
oscillator  frequency.  When  synchronized,  the 
sweep  frequency  is  exactly  30  cps  for  a  60-cps 
vertical  rate.  Consequently,  two  cycles  of  the 
vertical  video  waveform  are  displayed  on  the 
CRTs  screen. 

13-10.  The  sweep-expand  stage  permits  an  op- 
erator to  expand  a  portion  of  the  waveform  and 
thereby*  carefully  scrutinize  it.  Figure  64  shows 


The  output  "from  \I?'e  ,  CR6^W^^<i5tp3lfii  is  of 
the  same  amplitudft)^%ut  only^%V 
produces  a  sweep.  That  poition  ^'Wf^^  wave- 
form, in  time  interval  ti  to  t^ Is  ^spftadT' across 
the  full  width  of  the  scope  screen  as  illustrated. 
In  other  words,  this  portion  of  the  waveform  is 
expanded  since  full  horizontal  deflection  occurs 
in  a  shorter  time  interval.  The  modified  sweep 
that  effects  the  expansion  is  formed  by  clipping 
the  normal  sawtooth  (see  fig.  64,A),  then  am* 
plifying  the  clipped  waveform  to  the  same  am* 
plitude  as  the  normal  horizontal  sweep  signal. 

13-11.  An  additional  feature  provided  on 
master  monitors  is  a  switch  to  select  pulse-cross 
display.  We  have  not  shown  this  switch  in  figure 
63  since  it  would  complicate  the  diagram.  A 
short  explanation  should  suffice  for  you  to  resize 
what  this  switch  does.  When  it  is  set  to 
PULSE  CROSS  position,  the  video  signal  is  sent 
to  the  CRTs  cathode  or  control  grid,  the  expand* 
horizontal  sweep  signal  is  applied  to  the  hori* 
zontal  deflecting  plates,  and  the  expand*vertical 
sweep  is  applied  to  the  vertical  deflecting  plates. 
The  video  signal  intensity  modulates  the  beam 
as  it  scans  horizontally  and  vertically.  You  are 
familiar  with  the  pulse-cross  display  pattern. 
Since  this  pattern  is  used  as  a  convenient  means 
of  checking  blank,  sync,  and  drive  pulses,  it  will 
be  discussed  with  test  patterns  in  the  next  vol- 
-ume.  It  is  adequate  here  for  you  to  appreciate 
how  a  pulse-cross  pattern  can  be  obtained  by  a 
switching  arrangement. 

13-12.  Trouble  Diagnosis.  To  logically  de- 
termine the  source  of  a  trouble  from  a  CRO  or 
picture  display,  you  must  call  upon  your  knowl* 
edge  of  monitor  circuits  and  their  functions.  To 
illustrate  this  fact,  and  to  give  you  some  practice, 
let's  diagnose  some  different  types  of  troubles 
from  symptoms  that  can  be  observed  on  a  mas- 
ter monitor. 

13*13.  Negative  picture  display.  When  a  pic- 
ture appears  like  that  shown  in  figure  6S,A, 
you  should  know  that  the  video  signal  is  inverted. 
This  means  it  has  the  opposite  polarity  to  what 
it  should  have.  Using  a  CRO,  you  can  check  the 
input  video  signal  to  see  if  it  has  the  proper 
polarity.  Referring  to  figure  63,  note  that  the 
polarity  can  readily  be  checked  with  the  wave- 
form monitor.  The  amplitude  of  the  input  video 
should  be  checked  also  because  too  strong  a  sig- 
nal can  cause  this  symptom.  An  excessive  input 
may  overdrive  one  of  the  video  amplifiers  but 
still  be  coupled  to  the  next  stage.  Such  bypassing 
can  cause  the  signal  to  have  the  wrong  polarity 
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when  it  reaches  the  kinescorpc.  However,  if  you 
find  the  video  input  signal  proper,  you  should  use 
the  CRO  to  signal  trace  the  video  section.  A 
grid-to-piate  (or  base-to^oUector)  short  can 
cause  this  trouble.  The  fault  may  also  be  a 
gassy  tube. 

13-14.  Half-black  and  halhwhite  display.  The 
display  illustrated  in  figure  6S,B.  could  also  ap- 
pear white  for  the  top  half  and  black  for  the 
bottom  half.  In  either  case,  you  should  know 
that  this  trouble  is  the  result  of  a  heater-to- 
cathode  short.  With  a  bit  of  thought,  you  wUl 
realize  that  the  60-cps  heater  voltagis  on  the 
cathode  cuts  the  beam  off  for  half  the  raster  and 
turns  it  on  for  the  other  half. 

13-15.  Insufficient  picture  height.  If  the  con- 
dition illustrated  in  figure  65  .C,  cannot  be  cor- 
rected by  adjusting  the  vertical  height  and  linear- 
ity control,  you  should  suspect  the  trouble  to  be 
in  the  vertical  section.  The  vertical  oscillator  or 
vertical  output  stage  should  be  checked. 

13-16.  Insufficient  picture  width.  Too  narrow 
a  picture  (fig.  65,D)  which  cannot  be  corrected 


by  horizontal-width  adjustment  indicates  trouble 
in  the  horizontal  section.  A  weak  tube  (or 
transistor)  in  the  horizontal  oscillator,  driver,  or 
output  stage  will  produce  this  symptom.  A  check 
of  boost  voltage  and  low-voltage  d-c  supply 
should  be  made,  since  inadequate  d-c  potentials 
will  reduce  the  width  of  the  horizontal  scan. 

13-17.  Insufficient  height  and  width.  When 
the  picture  is  small  in  size  (fig.  65,E)»  the  fault 
is  usually  in  the  low-voltage  d-c  supply.  Of 
course,  it  can  be  the  result  of  a  combination  of 
the  two  previous  troubles  described. 

13-18.  Other  abnormal  displays.  Entire  books 
are  devoted  to  depicting  abnormal  displays  and 
identifying  these  displays  to  specific  troubles.  Ad- 
mittedly, we  have  but  touched  on  the  numerous 
picture  symptoms  that  indicate  trouble  in  a  moni- 
tor. In  your  experience  you  have  no  doubt  en- 
countered the  ones  mentioned  and  many  more, 
such  as  blooming,  tearing,  distorted  patterns, 
keystoning,  etc.  As  you  apply  the  principles  pre- 
sented in  this  chapter,  you  will  better  understand 
the  probable  cause(s)  of  such  displays. 
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The  Audio  System 


IT  IS  TRUE  THAT  some  television  applica- 
tions, such  as  surveillance,  require  only  the 
video  system.  However,  m  most  television  sys« 
tems,  audio  is  necessary  to  augment  the  video 
information,  either  aa  part  of  the  program  ma- 
terial or  as  intercommunications  relative  to  the 
program  production.  In  this  chapter  we  will  dis- 
cuss microphones,  audio  amplifiers,  and  audio 
control  consoles.  Intercom  systems  will  be  dis- 
cussed in  the  next  volume. 

2.  The  audio  requirements  for  any  given  tele- 
vision system  depend  upon  the  function  of  the 
system.  Just  as  a  snnple  television  system  con- 
sists of  one  piclnip  camera  and  one  monitors  so 
a  sunple  audio  system  consists  of  one  micro- 
phone, an  amplifier,  and  one  speaker.  A  moder- 
ate system  wfll  have  several  sound  inputs;  these 
will  originate  from  the  floor  microphones  and 
the  announcer's  or  commentator's  microphone. 
The  various  inputs  are  combined  and  sent  out  on 
a  transmission  line  to  one  or  several  speaker  set- 
ups. An  additional  monitor  may  be  provided  for 
control  room  use  if  necessary. 

3.  A  television  system  which  is  intended  for 
the  presentation  of  more  varied  program  mate- 
rial wiU  demand  a  more  complex  audio  system. 
Such  a  system  would  be  one  in  which  live-camera 
studios  and  a  film  studio  furnish  program  mate- 
rial for  distribution  to  classrooms.  From  the 
several  microphones  in  the  studios,  the  voice  sig- 
nals are  teA  to  the  audio  control  console  in  the 
control  room.  Other  inputs  to  the  control  console 
come  from  the  film  studio  and  tape  recorder. 
These  signals  are  switched  or  mixed  with  the 

^  signals  from  the  live  studios  and  amplified  to  a 
controlled  level.  The  output  from  the  console 
then  goes  to  the  distribution  network,  with  spare 
outputs  available  for  patchmg  to  any  other  loca- 
tion where  sound  reproducing  equipment  is  set 
up. 

4.  In  addition  to  the  output  for  the  distribu* 
tion  network,  the  audio  control  console  feeds  the 
mixed  program  audio  directly  to  the  control 
room  and  abMi  to  a  program  monitor  bus.  A 


studio  monitor  speaker  is  patched  oft  a  muting 
relay;  the  speaker  is  thereby  rendered  inopera- 
tive to  prevent  acoustical  feedback  when  studio 
microphones  are  operating. 

S.  From  this  discussion  you  can  easily  see  the 
three  major  divisions  of  equipment  used  to  pro- 
duce an  audio  signal.  A  microphone,  an  ampli- 
fier, and  a  control  console  are  used  to  convert 
an  audio  signal  to  electrical  impulses,  which  are 
then  amplified  and  fed  to  the  console.  Here, 
levels  are  set  and  the  switching  is  accomplished. 

14.  Microphonos 

14-1.  A  microphone  is  a  device  which  con- 
verts sound  into  an  electrical  signal,  and  applies 
this  signal  to  an  amplifying  circuit  Following 
sufficient  amplification,  the  electrical  signal  is 
used  to  drive  a  reproducer  or  to  modulate  a  car- 
rier frequency  for  transmission.  The«  general 
characteristics  of  the  most  widely  used  types  of 
microphones,  dynamic,  carbon,  crystal,  and  ca- 
pacitor will  be  discussed  in  this  section.  Each  of 
these  basic  types  of  microphones  employs  a  spe- 
cific fundamental  principle  of  operation. 

14-2.  The  basic  operation  of  a  microphone  is 
dependent  upon  pressure  of  sound  waves.  The 
angles  at  which  the  sound  waves  strike  the  dia- 
phragm of  a  microphone  depend  upon  the  posi- 
tionhig  of  the  microphone  in  relation  to  the 
sound  source.  If  the  sound  wave9  strike  the  dia- 
phragm at  nonuniform  angles,  different  fre- 
quencies will  exert  different  pressures  and  cause 
the  microphone  to  be  directional  in  its  frequency 
response.  Most  microphones  are  directional  at 
frequencies  above  2000  cps.  Special  construc- 
tion of  the  microphone  bousing  or  case  may 
produce  additional  directivity  at  frequencies  be- 
low 2000  cps.  Examples  of  specially  constructed 
microphones  are  the  "shotgun"  and  ''reflector^' 
types.  Nondirectional  microphones  also  require 
special  design  considerations.  For  nondirectivity 
it  is  necessary  to  design  the  housing  so  that  sig« 
nab  from  all  directions  exert  uniform  pressure  on 
the  diaphragm.  The  microphone  which  is  de« 
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Figure  66.    Dynamic  microphone  (A)  mechanical 
details  and  {B)  circuit  diagram. 

signed  for  general-purpose  use  is  polydirectional; 
this  type  of  microphone  is  usually  mechanically 
adjustable  to  achieve  the  desired  pattern  of 
pickup. 

14-3.  Dynamic.  The  dynamic,  or  so-called 
moving-coil  type,  is  the  most  widely  used.  Be- 
cause of  its  low  (and  adjustable)  impedance,  it 
can  be  installed  with  long  cables  without  serious 
adverse  effect  to  the  overall  audio  system;  it  is 
not  easily  damaged  by  rough  handling  and  is  not 
particularly  sensitive  to  blasts  (instantaneous 
sound  peaks).  A  dynamic  mike  contains  a  coil 
made  of  a  large  number  of  turns  of  extremely 
thin  metal  ribbon  attached  to  the  diaphragm. 
This  coil  is  insulated  from  the  diaphragm  by  a 
thin  coat  of  insulating  varnish.  The  coil  extends 
from  the  diaphragm  to  a  point  between  the  poles 
of  a  powerful  permanent  magnet.  When  sound 
waves  strike  the  diaphragm,  the  coil  moves  back 
and  forth  within  the  magnetic  field  between  the 
poles  of  the  permanent  magnet  and  cuts  the 
magnetic  lines  of  force.  An  illustration  of  a 
microphone  designed  to  operate  on  this  principle 
is  shown  in  figure  66,A.  This  action  induces  a 
current  in  the  coil  in  direct  proportion  to  the 
sound  pressure  exerted  on  the  disphragm. 


14-4.  The  dynamic  microphone  elements  are 
normally  housed  in  a  thetaT  sheS  &h(f' covered 
with  a  metal  grill  and  silk  cloth  to  prevent  dam- 
age from  foreign  p^icles  and  to  minimize  dust 
collection.  The  improvement  in  frequency  re* 
sponse  of  this  type  of  microphone  over  other 
types  lies  in  the  inclusion  of  an  echo  compensa* 
tion  circuit,  which  consists  of  an  air  chamber  be* 
tween  the  housing  elements  and  an  air-vent  tube; 
the  length  and  diameter  of  the  air-vent  tube  con- 
trol the  echo-compensating  action  of  the  air 
chamber. 

14-S.  The  impedance  of  the  moving  coil  in  the 
dynamic  microphone  is  approximately  SO  ohms; 
therefore,  the  coil  may  be  connected  to  an  am- 
plifier by  means  of  long  cables.  There  are 
microphones  available  with  built-in  matchmg 
transformers  to  match  low-Z  of  30,  SO,  and  2S0 
ohms  or  high-Z  up  to  SOK  ohms.  A  switch  is 
built  in  to  select  the  various  impedances.  The 
frequency  response  of  this  type  of  microphone  is 
reasonably  flat  over  the  range  from  40  cps  to 
10,000  cps.  Since  the  output  voltage  level  is  only 
about  0.(XX)04  volt,  a  preamplifier  must  be  used 
for  adequate  amplification.  The  circuit  diagram 
of  the  dynamic  (moving  coil)  microphone  is  ii* 
lustrated  in  figure  66,B. 

14-6.  The  ribbon  microphone,  a  variation  of 
^  'the  dynamic  microphone  using  the  moving  coil 
principle,  is  widely  used  in  studio  operations.  It 
has  no  real  diaphragm,  and  its  operation  de- 
pends ypon  the  velocity  of  air.  Therefore,  it  is 
sometimes  called  a  velocity  or  pressure  gradient 
microphone.  The  microphone,  as  shown  by  dia- 
gram in  figure  67,A,  consists  of  a  powerful  horse- 
shoe-shaped electromagnet  or  permanent  magnet, 
M,  with  special  pole  pieces  between  which  a  thin 
corrugated  metal  ribbon,  R,  is  suspended.  The 
ends  of  this  ribbon  are  connected  to  the  primary 
of  a  special  step-up  transformer. 

14-7.  The  construction  details  of  the  ribbon 
microphone  are  illustrated  in  figure  67,B.  The 
microphone  should  be  placed  so  that  the  incom- 
ing sound  will  strike  it  at  right  angles,  as  those 
from  the  side  have  practically  no  effect.  The 
sound  striking  the  ribbon  causes  it  to  vibrate  and 
thus  cut  ?ome  of  the  magnetic  lines  of  force  be- 
tween ;ae  pole  pieces.  This  action  generates  a 
vohage  in  Uie  ribbon  that  is  coupled  to  the  grid 
of  an  amplifier  via  a  special  step-up  transformer. 
Since  the  ribbon  microphone  is  sensitive  to  veloc- 
ity, it  should  be  covered  or  otherwise  shielded 
when  used  outdoors  or  in  drafty  areas,  where  air 
tends  to  produce  undesirable  ribbon  vibrations. 

14-8.  The  voltage  output  of  the  velocity  mi- 
crophone across  2S0  ohms  is  0.0002  volt.  The 
corrugated  ribbon  has  a  resistance  of  only  a 
fraction  of  an  ohm;  therefore,  the  matching 
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Figure  67.    Velocity  microphone  {A )  circuit  diagram  and 
(B)  construction  details. 

transformer  is  usually  built  into  the  microphone 
to  reduce  losses.  The  frequency  response  is 
practically  flat  from  30  to  15,000  cps.  The  low 
impedance  of  the  velocity  microphone  permits  a 
long  cable  connection  to  the  amplifier,  but  the 
cable  must  be  well  shielded  because  of  the  possi- 
bility of  a-c  hum  pickup. 

14-9.  Cailion.  The  carbon  microphone  is 
widely  used  in  intercommunications  and  cueing 
systems,  and  will  be  discussed  more  fully  in  Vol- 
ume 2,  Auxiliary  Equipments.  In  the  carbon 
microphone,  a  constant  direct  current  is  permitted 
to  flow  through  a  mass  of  carbon  granules.  As 
sound  waves  vibrate  the  diaphragm,  its  resultant 
motion  alternately  compresses  and  releases  pres^ 
sure  on  the  mass  of  carbon  particles.  The  chang- 
ing pressure  on  the  carbon  causes  the  resistance 
value  of  the  total  mass  to  change,  than  permitting 
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Figure  6S.    Carbon  microphone  (A)  cross  sectional  view, 
(H)  single^button  circuit  diagram,  and  (C)  douhle^button 
circuit  diagram. 
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either  more  or  less  direct  current  passage.  A 
cross  section  of  a  typical  carbon  microphone  is 
shown  in  figure  68.A;  A  and  B  are  heavy  steel 
rings.  The  ridge  in  one  and  the  groove,  D,  in  the 
other  hold  the  diaphragm,  C,  very  tightly.  The 
diaphragm  is  made  of  a  very  tough  steel  alloy 
and  is  generally  designed  to  be  from  0.001  to 
0.002  inch  thick.  The  small  ring,  G,  is  screwed 
into  the  large  steel  ring,  B,  to  adjust  the  dia- 
phragm tension  so  that  its  natural  period  of  vi- 
bration will  be  above  the  desired  audio-fre- 
quency range.  The  central  portion  of  the  dia- 
phragm is  gold  plated  on  each  side  to  insure 
good  contact.  The  back  of  the  microphone  is 
closed  except  for  a  series  of  holes  that  permit 
the  air  and  sound  to  reach  the  back  of  the  dia- 
phragm. The  bridge,  E,  emends  across  the  open- 
ing in  the  front  of  the  microphone  and  supports 
the  front  carbon  granule  cup,  or  button,  F.  A 
similar  one  is  supported  by  the  back.  These  car- 
bon cups,  or  buttons,  do  not  touch  the  diaphragm 
and  are  partly  filled  with  fine  carbon  grains.  The 
size  of  these  grains  determines  the  sensitivity  of 
the  instrument,  and  soft  felt  washers  prevent  the 
carbon  from  getting  out  of  the  cup. 

14-10.  Figure  68,B,  illustrates  both  the  me- 
chanical structure  and  the  equivalent  electrical 
circuit  of  the  simple  single-button  carbon  micro- 
phone. The  single-button  carbon  microphone  is 
characterized  by  high  output  level  and  rugged- 
ness.  It  is  practically  unaffected  by  heat  and 
humidity.  When  space  and  weight  are  limited 
in  an  instaUation,  its  high  output  is  advantageous 
because  fewer  amplifier  circuits  will  be  required. 
The  output  ranges  from  0.1  to  0.3  volt  across  a 
normal  transformer  impedance  of  SO  to  100 
ohms. 

14*11.  To  secure  a  more  uniform  response 
from  various  frequencies,  the  double-button  type 
of  carbon  microphone,  illustrated  in  figure  68,C, 
is  generally  used  in  place  of  the  single-button 
type.  As  you  can  see,  the  diaphragm  is  placed 
between  two  cups  which  contain  carbon  grains. 
Vibration  causes  the  grains  of  carbon  on  one 
side  of  the  diaphragm  to  be  compressed;  at  the 
same  time,  it  causes  the  grains  of  carbon  on  the 
opposite  side  of  the  diaphragm  to  be  loosened. 
This  action  permits  more  current  flow  through 
the  first  carbon  button  than  through  the  second. 
The  output  voltage  of  the  double-button  carbon 
microphone  ranges  from  0.02  to  0.07  volt  across 
a  normal  transformer  impedance  of  200  ohms. 

14-12.  The  frequency  response  is  uniform 
from  60  to  1000  cps^.  Above  1000  cps,  the  re- 
sponse increases  rapidly.  Becoming  more  than 
15  db  higher  at  2500  cps  than  it  was  at  1000 
cps.  The  response  then  remains  uniform  up  to 
approximately  6000  cps,  where  there  is  a  marked 


falling  off  in  response.  Because  of  its  poor  re- 
sponse to  the  hi^er  audio  frequencies  as  well  as 
its  high  noise  level  (hiss),  the  carbon  micro- 
phone is  not  used  extensively  for  general  tele- 
vision purposes. 

14*13.  CrystaL  The  crystal  microphone  re« 
quires  no  energizing  potential  source  such  as  the 
battery  used  with  the  carbon  microphone.  It  re- 
quires no  transformer  or  other  coupling  device. 
Its  output,  although  not  as  high  as  the  carbon 
microphone  output,  is  adequate  for  direct  appli- 
cation to  the  grid  circuit  of  an  amplifier^  lliese 
features,  plus  its  inherent  simplicity  and  compact 
size,  make  this  type  of  microphone  unique 
among  the  devices  designed  to  convert  sound 
waves  into  electrical  impulses. 

14-14.  Crystal  microphones  can  be  divided 
into  two  types — the  diaphragm  type  and  the 
sound  cell  type.  The  crystal  element  used  in  . 
either  type  can  be  permanently  damaged  by  high 
temperatures.  This  limits  the  number  of  useful 
applications.  However,  the  crystal  microphone  is 
still  widely  used  as  a  high-quality  microphone  for 
communications,  both  military  and  commercial. 
Figure  69,A,  is  a  diagram  showing  the  bimorph 
crystal  unit;  it  can  be  seen  that  sound  waves 
striking  the  diaphragm  will  cause  the  diaphragm 
to  vibrate.  These  vibrations  are  transferred  to 
the  surface  of  the  crystal  by  means  of  the  con- 
necting pin.  The  fidelity  of  this  type  instrument 
is  approximately  equal  to  that  of  most  double- 
button  carbon  microphones;  however,  the  fre- 
quency response  extends  to  a  much  higher  range. 
In  the  crystal  microphone  there  is  no  background 
hiss  or  noise  generated  in  the  microphone  itself. 
However,  noise  pickup  on  cables  which  are 
longer  than  30  feet  does  limit  the  use  of  crystal 
microphones  in  television. 

14-15.  The  sound  cell  is  another  type  of 
crystal  microphone.  As  shown  in  figure  69,B, 
the  back-to-back  crystal  elements  are  inclosed 
within  a  rectangular  bakelite  frame  sealed  by 
two  flexible  membranes.  No  diaphragms  are  re- 
quired in  a  sound  cell  microphone  because  the 
membrane  imparts  the  sound  pressure  directly 
to  the  crystals,  which  produce  the  resultant  a-c 
voltage. 

14-16.  Capacitor.  A  capacitor  microphone 
generally  consists  of  two  electrodes  separated  by 
a  very  thin  dielectric,  usually  air.  One  electrode 
is  the  diaphragm  and  the  other  is  a  rigid  plate 
which  has  the  same  area  as  the  diaphragm.  The 
diaphragm  motion  changes  the  spacing  between 
the  two  electrodes,  varying  the  capacitance.  It 
a  d-c  voltage  is  applied  across  this  combination, 
the  changes  in  spacing  will  produce  changes  in 
the  capacitor  charge  which  can  be  obtained  as  an 
a-c  voltage.  This  device  has  a  very  linear  pres- 
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¥\nun  69.   Crystal  microphone  (A)  cross  sectional  view  of  diaphragm  and  crystal  and 
(B)  cross  sectional  view  of  single  sound  cell  unit. 


sure  response  and  a  wide  frequency  response;  it 
can  be  easily  tuned  to  higher  resonant  frequen- 
cies because  the  diaphragm  is  the  only  moving 
part  It  has  a  good  high-frequency  response  and 
is  relatively  insensitive  to  mechanical  noise  be- 
cause of  its  stiffness  of  construction.  The  c^aci- 
tor  microphone  requires  an  external  power 
source  and  is  adversely  affected  by  high  or 
changing  humidity. 

14-17.  The  output  voltage  will  be  small; 
therefore,  amplification  wiU  be  required  and  the 
leads  must  be  kept  very  short  to  avoid  picking 
up  stray  field  noise.  This  type  of  microphone  has 
not  been  used  extensively  because  of  the  neces- 
sity for  battery  operation  to  avoid  hum  pickup. 
However,  new  developments  with  solid-stote  am- 
plifiers buflt  mto  the  microphone  housing  have 
changed  this  situation. 


14-18.  Compaiison  of  Mkrophones.  The  char- 
acteristics of  the  various  microphones  are  sum- 
marized in  figure  70,  which  lists  the  various 
major  types  of  microphones,  together  with  their 
output  level  in  db  and  their  frequency  range  in 
cycles  per  second.  From  the  table,  you  can  see 
that  from  the  standpoint  of  output  level  the  car- 
bon type  is  best  and  from  the  standpoint  of  fre- 
quency range  the  velocity  type  is  best 

14-19.  Adloitmciils  and  Maintenance.  It 
should  be  said  that  most  of  the  difficulties  with 
microphones  are  caused  by  misuse  or  careless 
handling.  Nevertheless,  let  us  mention  a  few  ad- 
justments that  can  be  made  on  a  microphone. 
The  polydirectional  microphone  may  be  any  of 
the  basic  types  which  have  an  adjustable  aper^ 
ture.  When  the  apdrture  is  fuUy  open,  the  micro- 
phone has  a  bidirectional  pattern;  when  the 


MICROPHONE 
TYPE 

FREQUENCY  RANGE 
IN  CYCLES 

SIGNAL-TO-  EXAMPLES 
NOISE         OF  OUTPUT 
IMPEDANCE 

AVERAGE  DB 
OUTPUT 

VOLTAGE 
OUTPUT 

DYNAMIC 

MOVING  COIL 

RIBBON 

30  TO  20,000 
30  TO  20,000 

MEDIUM 
MEDIUM 

J  30,  50,  &  250  \ 

k       50K  } 
2S0  OHMS 

.55  TO  -60 
.55  TO  -60 

0.00004V 
0.0002V 

CARBON 

SINGLE-BUTTON 
DOUBLE-BUTTON 

70  TO  6000 
60  TO  6000 

LOW 
LOW 

50  TO  100  OHMS 
200  OHMS 

-45 
-35  TO  -45 

0.3V 
0.07V 

CRYSTAL 

UP  TO  14,000 

HIGH 

5  MEG  OHMS 

.50  TO  -60 

CAPACITOR 

20  TO  15,000 

HIGH 

30,150  OR  600  OHMS  -53 
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Figure  70.   Comparison  of  microphones. 
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aperture  is  closed,  the  microphone  is  nondirec- 
tional.  At  shutter  settings  between  the  open  and 
closed  positions,  the  microphone  is  unidirectional. 
Some  microphones  are  designed  with  blast  fil- 
ters which  are  adjustable  and  require  settings 
commensurate  with  the  operating  conditions. 
^  14-20.  The  maintenance  of  microphones  will 
not  be  so  much  in  the  microphone  itself,  but 
rather  in  the  cords  and  connectors.  If,  for  in- 
stance, you  were  told  a  carbon  microphone  did 
not  have  an  adequate  output,  the  first  thing  you 
should  check  is  the  carbon  granules  for  a 
'^packed**  condition.  This  condition  is  caused  by 
excessive  current  which  causes  the  carbon  gran- 
ules to  stick.  Carbon  granules  that  are  packed 
can  sometimes  be  loosened  if  you  turn  off  the 
applied  current  and  shake  the  microphone  while 
holding  it  in  various  positions.  If  this  does  not 
correct  the  situation,  you  may  have  to  replace 
the  carbon  granule  mass.  Do  not  shake  a  dyna* 
mic  microphone  as  this  will  not  accomplish  any- 


thing desirable  and  may  damage  the  internal 


unit. 
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15.  Audio  Amplifies  |  [ 

.'    '      •  i 

lS-1.  We  know  that  au^  frequencies  range 
from  about  IS  cps  to  20  kc.  TV  equipments  that 
amplify  signals  for  sound  reproduclFdfi^-^tnploy 
amplifiers  designed  for  this  low-frequency  range. 
It  is  the  task  of  such  amplifiers  to  strengthen  the 
audio  signal  and  reproduce  it  faithfully.  The 
dominant  requirements  are,  therefore,  gain  and 
fidelity.  In  this  section  we  will  discuss  how  these 
requirements  are  met  with  transistor  amplifier. 
These  amplifiers  and  the  principles  involved  are 
very  similar  to  electron-tube  audio  amplifiers. 
Your  knowledge  of  tube  amplifiers  will  enable 
you  to  make  comparisons  as  we  progress  from  the 
general  characteristics  to  specific  types  of  audio 
amplifiers.  We  will  distinguish  between  pream- 
plifiers, drivers,  and  power  amplifiers.  Illus- 
trated circuits  will  be  described  and  the  effects 
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Figure  71.    Basic  transistor  amplifier  circuits  and  the  corresponding  electron-tube  versions. 
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ITEM 

CE  AMPLIFIER 

C3  AMPLIFIER 

CC  AMPLfVtER 

INPUT  RESISTANCE 

300  -  2000  OHMS 

10  .  300  Ohms 

20K  -  300K  OHMS 

OUTPUT  RESISTANCE 

5K  -  50K 

lOOK  -  500K 

50  OHMS  -5K 

VOLTAGE  GAIN 

300  r  1500 

500  -  2000 

LESS  THAN  1 

CURRENT  GAIN 

25  -  50 

LESS  THAN  1 

25  -  50 

POWER  GAIN 

25  -  40  OB 

20  ^  30  OB 

10  *  20  OB 

Figure  72.    Table  of  typical  value  ranges  for  the  CE.  CB,  and  CC  amplifiea. 


of  bias  adjustments  will  be  explained  for  push- 
pull  amplifiers. 

15-2.  General  Characteristics.  All  three  tran- 
sistor configurations  are  used  in  audio  amplifier 
circuits.  The  basic  circuits  are  shown  in  figure 
71.  Note  that  these  transistor  amplifiers  are  the 
counterparts  of  well-known  electron-tube  ampli- 
fiers. Although  transistor  amplifiers  have  lower 
input  and  output  impedances  than  have  electron- 
tube  amplifiers,  the  CE,  CB,  and  CC  amplifiers 
have  impedance  characteristics  corresponding  to 
those  of  the  grounded-cathode,  grounded-grid, 
and  grounded-plate  (cathode  follower)  ampli- 
fiers, respectively.  Note  in  figure  72  the  range 
of  values  that  can  be  generally  expected  for  input 
and  output  impedances  of  transistor  amplifiers. 
Also  note  m  this  figure  the  different  ranges  of 
current,  voltage,  and  power  gain  that  are  obtain- 
able for  each  type  of  amplifier.  This  should  give 
you  an  idea  of  their  sensitivities. 

15-3.  Coupling.  The  fidelity  of  an  audio 
amplifier  can  be  improved  or  impaired  by  the 
coupling.  As  with  electron-tube  amplifiers,, 
coupling  can  be  put  into  four  main  categories: 
(1)  direct,  (2)  RC  (resistance  and  capac- 
itance), (3)  transformer,  and  (4)  impedance 
coupling.  However,  it  must  be  realized  that  the 
impedance  values  for  transistors  are  consider- 
ably lower  than  for  tubes. 

15-4.  When  impedance  matching  is  satisfac- 
tory, we  can  use  either  direct  or  RC  coupling. 
As  shown  in  figure  73,A,  direct  coupling  gives 
an  excellent  low-frequency  response,  thus  indi- 
cating high  fidelity  from  zero  cps  (d-c)  upward 
through  the  audio  range.  The  upper  frequency 
limit  (half-power  point,  3  db  below  midfre- 
quency  gain)  is  dependent  upon  the  shunting 
capacitances  of  the  amplifier.  The  same  is  true 
for  the  RC-coupled  amplifier  with  regard  to  its 
upper  frequency  limit  (see  fig.  73,B).  Its  lowfer 
frequency  limit  (half-power  point)  is  established 
primarily  by  the  size  of  the  coupling  capaci- 
tance. Since  the  coupling  capacitive  reactance 
increases  as  frequency  decreases,  low,  frequen- 
cies are  attenuated.  Thus,  gain  falls  dff  toward 
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Fiyure  73,    Typical  rr^pansr  curxes  for  various 
iypcs  of  coupiin^. 
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zero  cps  as  indicated  by  the  response  curve, 
figure  73,B.  RC  coupling  is  used  when  d-c  must 
be  blocked  (not  coupled). 

15-5.  Untuned  impedance  (LC)  coupling  or 
transformer  coupling  blocks  d-c  as  does  RC 
coupling.  Transformer  coupling  has*  the  added 
capability  of  matching  impedances.  Recall  from 
your  knowledge  of  transformers  that  the  primary 
''sees**  the  secondary  impedance  times  the  turns 
ratio  squared  of  the  transformer: 


lOMr 


Therefore,  by  means  of  a  transformer,  the  im- 
pedance reflected  into  the  amplifier  circuit  can 
be  made  to  have  a  value  that  produces  the 
desired  gain.  We  note  in  fig'jre  73,C,  however, 
that  the  frequency-response  curve  is  not  flat 
for  untuned  LC  or  transformer  coupling.  This 
is  because  the  impedance  is  frequency-depend- 
ent, inductive  for  low  frequencies  and  capaci- 
tive  for  high  frequencies. 

15-6.  Load,  The  load  impedance  of 
amplifier  is  usually  resistive  throughout  most  of 
its  operating  range.  As  is  the  case  with  electron* 
tube  amplifiers,  gain  is  a  function  of  load.  The 
plots  depicted  in  figure  74  are  representative  of 
the  curves  of  gain  for  the  three  transistor  con- 
figurations. Noteworthy  are  the  following  facts: 

•  Highest  cunent  gains  A|  are  obtained  for 
low  values  of  load  resistance.  (CE  and  CC 
amplifien  yield  substantial  current  gains.  For 
the  CB  amplifier  it  is  always  less  than  one.) 
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Figu^  74.    Gam  versus  toad  resistance  curves. 
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Figure  75.    Input  resistance  versus  load  resistance 
curves. 


•  Highest  cunent  gains  are  obtained  for 
high  values  of  load  resistance.  (CB  and  CE 
amplifiers  produce  appreciable  voltage  gains. 
For  the  CC  amplifier  it  is  dways  less  than  one.) 

•  Highest  power  gain  G  occurs  when  ^e 
product  of  the  current  and  voltage  gain  is  great- 
est. Since  the  CE  amplifier  has  both  high  cur- 
rent gains  and  high  voltage  gains,  its  power 
gains  are  necessarily  the  highest. 

15-7.  A  stucty  of  the  curves  in  figure  74  will 
give  you  an  appreciation  of  the  advantages 
offered  by  each  configuration.  It  is  of  interest 
to  observe  in  figure  75  that  the  input  impedance 
is  also  a  function  of  load  impedance.  This 
should  be  expected  since  we  know  that  the  input 
is  not  independent  of  the  output  for  transistor 
amplifiers.  Note  how  greatly  the  input  resistance 
of  the  CC  amplifier  varies  with  load  resistance. 

15-8.  Preamplifiers.  Audio  preamplifiers  t:z 
designed  to  increase  the  gain  of  low-level  signals 
from  transducers  such  as  microphones  and 
recorder-reproducer  heads.  They  are  operated 
class  A  at  power  levels  in  the. order  of  micro- 
microwatts  or  microwatts.  Since  the  signals  are 
so  very  small,  special  attention  must  be  given 
to  the  noise  factor,  input  impedance,  and  cou- 
pling. 

15-9.  Noise  factor.  Generally  speaking,  tran- 
sistors are  noisier  than  tubes.  However,  junction 
transistors  can  be  fabricated  to  operate  with 
noise  factors  comparable  to  tubes  (3  to  5  db). 
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F/^Mr<f  76.    Typical  curves  showing  how  the 
by  (A)  collector  voltage  and  emitter  cur  rem, 

The  noise  factor  is  affected  mainly  by  the  opera- 
ting point,  the  signal  frequency,  and  the  signal 
source  resistance. 

15-10.  The  curves  in  figure  76, A,  show  that 
the  noise  factor  changes  with  collector  voltage 
VcE  and  emitter  current  Ie.  Notice  how 
rapidly  the  noise  factor  increases  as  Vcz  is 
raised  above  2  volts.  Increases  in  Ie  have  a  Jess 
marked  effect,  but  nevertheless  depreciate  the 
guality.  ConsequenUy,  the  operating  point  of  a 
preamplifier  is  selected  so  that  both  Vce  and 
Ie  are  quite  low  in  value. 

15-11.  Note  in  figure  76,B,  how  the  noise 
factor  is  dependi^nt  upon  the  signal  frequency. 
The  poorest  (highest)  noise  figures  occur  at 


noisv  factor  of  a  transistor  preamlifier  is  affected 
>  CB)  frequency,  and  (C)  signal  source  resistance. 

the  lower  end  of  the  audio  range.  They  continue 
to  improve  as  frequency  increases  well  beyond 
the  upper  limit  of  the  audio  frequencies,  20  kc. 
Above  50  kc.  however,  they  gradually  become 
worse. 

15-12.  The  variation  of  noise  factor  as  a 
function  of  signal  source  resistance  is  shown  in 
figure  76,C.  This  curve  indicates  that  the  best 
(lowest)  noise  factors  result  when  the  signal 
source  has  a  resistance  between  100  and  2000 
ohms. 

15-13.  Input  resistance.  Since,  to  obtain  a 
low  noise  factor,  it  is  desirable  to  use  a  signal 
source  resistance  in  the  range  of  100  to  2000 
ohms,  the  amplifier's  input  resistance  should  also 
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Figure  77.    Two  ways  of  increasing  thv  input  resistance  of  a  CE  amplifier. 
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be  within  this  range.  Recall  that  maximum 
power  transfer  occurs  when  the  source  resistance 
and  load  resistance  are  equal.  In  this  case,  the 
amplifier  input  resistance  is  the  load  resistance. 

15-14.  Both  the  CB  and  CE  amplifiers  have 
input  resistances  within  the  desired  range  (see 
fig.  72).  The  CB  amplifier  is  used  when  a  very 
low  input  resistance  or  a  high  output  impedance 
is  wanted.  When  the  input  resistance  of  a  CE 
amplifier  is  satisfactory,  this  type  amplifier  is 
generally  preferred  because  of  its  higher  power 
and  current  gain  capability. 

IS- IS.  If  it  is  necessary  to  use  a  signal  source 
of  high  resistance,  such  as  a  crystal  pickup  head, 
a  high  input  resistance  preamplifier  is  needed. 
Since  the  CC  amplifier  has  a  higk)  input  resist- 
ance (20K  ohms  to  800K  ohms),  it  can  be 
readily  matched  to  the  source.  There  is  a  dis- 
advantage, however,  inherent  in  this  amplifier. 
Its  input  resistance  changes  greatly  with  small 


variations  of  load  (as  shown  in  fig.  7S).  The 
CE  amplifier  does  not  have  this  drawback  but 
its  input  resistance  is  ordinarily  lest  than  2000 
ohms.  Fortunately,  its  input  resistance  can  be 
made  as  high  as  20,000  ohms  in  one  of  two 
ways:  (1)  by  placing  a  large  resistor  Rrr  in 
series  with  the  input  to  the  base  (see  fig.  77, A) 
or  (2)  by  inserting  a  small  resistor  Rse  in 
series  with  the  emitter  (see  fig.  77,B).  Both 
ways  attenuate  the  signal  input,  but  the  CE 
amplifier  has  a  notably  high  gain  to  overcome 
this  loss. 

lS-16.  Coupling.  Direct  coupling  will  give 
excellent  low-frequency  response  down  to  zero 
cps  (see  fig.  73,A).  Some  basic  circuits  are 
illustrated  in  figure  78.  The  bias  values  shown 
should  be  regarded  as  representative.  Figure 
78,A,  shows  a  simple  ainpliifier  that  has  its  out- 
put signal  directly  coupled  to  headphones.  In 
figure  78,B,  we  see  two  stages  of  amplification. 
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B.    COMPLEMENTARY  ARRANGEMENT  OF  INTERSTAGE  COUPLING 
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C.    DIRECT  COUPLING  OF  AMPLIFIERS  HAVING  LIKE  TRANSISTORS  (NPN  TYPES  ILLUSTRATED) 

ir 

Figure  78,    Direct  coupling, 
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Figure  79,    Interstage  RC  coupling. 

The  first  stage  uses  a  p-n-p  transistor,  whereas 
the  second  stage  uses  an  n-p-n  transistor.  This 
circuitry  is  said  to  be  complementary.  Note  that 
the  n-p-n  obtains  its  base  bias  from  the  p-n-p 
stage.  Another  two-stage  circuit  is  shown  in 
figure  78,C.  The  bias  is  not  obtained  by  a 
complementary  arrangement.  Both  Ql  and  Q2 
are  ii-p-n  transistors.  A  resistor  in  series  with 
the  emitter  of  Q2  is  used  to  establish  the  desired 
operating  point  for  the  second  stage.  Since  this 
resistor  is  unbypassed,  there  is  signal  degenera- 
tion. Thus,  gain  is  reduced,  but  stability  is  en- 
hanced. 

15-17.  Stability  is  generally  a  problem  when- 
ever direct  interstage  coupling  is  employed.  This 
is  because  any  d-c  change  in  one  stage  is  coupled 
into  the  next  stage  and  amplified. 

15-18.  A  simple  way  to  prevent  the  transfer 
of  d-c  variations  from  one  stage  to  the  next  is  to 
use  RC  coupling.    A  two-stage  RC-coupled. 
amplifier  is  illustrated  in  figure  79.  The  capac- 
itor CI  blocks  d-c,  but  couples  a-c  from  the 


collector  of  01  to  the  base  oi  Q2.  Since,  how- 
ever, capacitive  reactance  increases  as  Trcqucncy 
decreases,  the  lower  frequencies  of  a-c  are 
attenuated.  Consequently,  gain  falls  off  to  zero 
cps  (fig.  73,B).  The  principles  pertaining  to 
RC-coupled  electron-tube  amplifiers  apply  to 
transistor  amplifiers  aiso.  The  low-frequency 
half-power  point  depends  upon  many  factors: 
the  electrical  size  of  the  coupling  capacitor,  the 
load  impedance  of  the  input  impedance  of  tne 
following  stage,  and  the  emitter  resistor  bypass 
capacitor.  Capacitors  CI  and  C3  should  be  as 
large  as  feasible;  C2  and  C4  should  be  large 
enough  to  prevent  low-frequency  degeneration. 

15-19.  Untuned  transformer  coupling  also 
provides  d-c  isolation  of  the  stage.  The  trouble 
with  this  type  of  coupling  is  its  poor  low-fre- 
quency response.  This  can  be  corrected  by  the 
inclusion  of  a  low-frequency  compensation  cir- 
cuit. In  figure  80,  the  components  Ro  and 
Ci.r  present  a  higher  load  impedance  to  the 
low  frequencies  than  to  the  highs.  This  effec- 
tively boosts  the  power  of  the  low  frequencies  to 
give  a  more  uniform  gain  response  (see  fig. 
803). 

15-20.  Driver  and  Power  Amplmers.  Ampli- 
fier  stages  designed  primarily  to  raise  the  power 
level  of  the  signal  are  known  as  driver  and 
power  amplifiers.  Driver  stages  usually  de- 
velop power  in  the  order  of  milliwatts.  Power 
amplifiers  develop  watts  or  hundreds  of  milli- 
watts of  power.  This  distinction  based  on  power 
levels  is  approximate  at  best.  The  power  levels 
of  driver  and  power  amplifiers  depend  on  the 
equipment  in  which  they  are  used.  A  driver 
amplifier,  as  its  name  implies,  is  used  to  drive 
a  succeeding  stage.  Thus,  the  driver  stage  de- 
livers power  to  another  driver  stage  or  to  a  power 
amplifier.    Power  amplifiers  build  the  signal 
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Figure  81.    Class  B  ptish^pull  amplifier. 


power  to  the  necessary  level  to  operate  a  device 
such  as  a  speaker. 

15-21.  Single-ended.  Circuit  arrangements 
for  single-ended  driver  and  power  amplifiers  do 
not  differ  to  any  marked  degree  from  the  class 
A  preamplifiers  just  covered.  Drivers  and  power 
amplifiers  operate  at  higher  collector  voltages 
and  currents,  however,  and  are  carefully 
matched  for  power  transfer.  Transformer  cou- 
pling is  very  useful  for  matching.  Such  cou- 
pling also  improves  efficiency  since  the  d-c  losses 
are  reduced.  Impedance  coupling  (LC)  is 
sometimes  used  to  obtain  a  higher  efficiency, 
but  it  has  poor  low-frequency  response. 

IS-22.  Efficiency  is  quite  important  at  high 
power  levels  so  it  is  a  matter  of  concern,  par- 
ticularly for  power  amplifiers.  As  long  as  we 
operate  class  A,  efficiency  will  be  poor.  If 
single-ended  amplifiers  are  used,  there  is  no 
choice;  fidelity  demands  linear  class  A  opera- 
tion. 

15-23.  Push-pulL  Fidelity  can  be  realized  at 
higher  efficiencies  by  a  push-pull  circuit  arrange- 
ment. Improved  efficiency  and  fidelity  can  be 
attained  with  push-pull  amplifiers  operating 
class  A.  Just  as  in  the  case  of  electron-tube 
push-pull  operation,  even-harmonic  distortion  is 
minimized.  If  the  circuit  is  perfectly  symmet- 
rical, such  distortion  is  completely  eliminated. 
Because  of  this  fact,  push-pull  amplifiers  can 
deliver  greater  power  for  an  allowable  amount 
of  distortion  than  can  two  single-ended  ampli- 
fiers. Moreover,  push-pull  amplifiers  can  be 
operated  class  B  and  class  AB  since  even-har- 
monic (nonsymmetrical)  distortion  can  be  can- 
celed. Provided  there  is  good  circuit  symmetry, 
excellent  linearity  can  be  achieved  with  class 
AB  operation  and  fairly  good  linearity  is  possi- 
ble with  class  B  operation. 

15-24.  Because  of  its  simplicity,  let's  begin 
with  a  class  B  transformer-coupled  type.  Note 
that  the  circuit  shown  in  figure  81  resembles 
closely  the  corresponding  electron-tube  class  B 
push-pull  amplifier.  Again  we  have  chosen 
n-p-n  transistors  to  bring  out  this  similarity. 


Remember  that  p-n-p  transistors  can  be  used 
instead,  provided  the  bias  polarities  are  re- 
versed. This  goes  without  saying  for  all  transistor 
circuits. 

15-25.  Observe  in  figure  81  that  there  is  no 
forward  base-emitter  bias;  both  the  base  and 
emitter  of  Ql  and  Q2  are  at  d-c  ground  po- 
tential. Therefore,  Ql  and  Q2  are  cut  off;  with 
no-signal  input  (the  static  condition)  Id  —0 
and  Ic2  0. 

15-26.  A  signal  applied  to  the  primary  of  the 
input  transformer  will  produce  signals  at  oppo- 
site ends  of  the  center-tapped  secondary  180^ 
out  of  phase  as  shown.  Therefore,  when  the 
base  of  Ql  '*sees"  a  negative  alternation,  the 
base  of  Q2  ''sees"  a  positive  alternation,  and 
vice  versa.  Because  both  Ql  and  Q2  have  zero 
volts  base-emitter  bias,  each  will  conduct  during 
positive  alternations  and  remain  cut  off  during 
negative  alternations.  Since  their  inputs  are 
180''  out  of  phase,  Ql  is  conducting  (let) 
while  Q2  is  cut  off,  and  Q2  is  conducting  (Ica) 
while  Ql  is  cut  off.  In  other  words,  Ql  and  Q2 
conduct  alternately  to  supply  output  current 
(Id  +  Ic2)  throu^out  the  entire  cycle  (360®). 

15-27.  This  circuit  arrangement  amounts  to 
having  two  symmetrically  arranged  single-ended 
amplifiers  supplying  a  common  load.  Figure 
82,A,  is  a  dynamic  curve  of  a  single-ended 
amplifier.  Figure  82,B,  is  the  dynamic  curve  of 
a  push-pull  amplifier;  note  that  this  curve  is 
merely  the  combination  of  the  dynamic  curves 
of  two  single-ended  amplifiers.  Because  of  the 
180®  phase  relationship  of  the  input  and  the 
circuit  arrangement,  the  positive  direction  of 
base  currents  Ibi  and  Ib2  are  opposite;  also,  the 
positive  direction  of  collector  currents  Ici  aod 
Ic2  are  opposite.  The  input  signal  wave  is  pro- 
tected on  the  dynamic  curve  diagram  in  figure 
82,C.  We  see  that  the  output  waveshape  is  the 
composite  of  the  current  Id  and  Ic2>  as  pre- 
viously explained.  This  diagram  is  useful  inas- 
much as  it  depicts  clearly  the  accuracy  of  signal 
reproduction,  thus  fidelity.  Note  the  distortion 
that  occurs  as  the  signal  approaches  and  passes 
through  zero.  ..^is  is  called  crossover  distortion. 
The  output  w^y^'  pntains  odd  harmonics  of  the 
signal  frequen^y^^' 

15-28.  CroSsoyeir  distortion  can  be  eliminated 
by  biasing  Ql  anjfl  Q2  in  the  forward  direction. 
A  simple  biasing  arrangement  is  illustrated  in 
figure  83.  The  resistor  R  is  made  variable  so 
that  we  can  adjust  the  bias  for  class  AB  operation 
or  class  A  operation.  If  properly  adjusted  for 
class  AB  operation,  the  crossover  effect  is  not 
evident  in  the  output.  A  comparison  of  figure 
84,A,  and  figure  84,B,  shows  why  this  is  so. 
The  nonltnearity  is  effectively  canceled  and  ex- 
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are  not  perfectly  matched  or  that  the  circuit  is 
not  perfectly  symmetrical;  the  dynamic  curves  for 
Ql  and  Q2  would  no  longer  be  identical.  For 
such  a  condition^  the  outputs  from  a  class  AB  and 
a  class  A  push-pull  amplifier  are  shown  in  fig- 
ure 85»A»  and  8S3»  respectively.  It  is  quite 
obvious  that  the  output  for  class  AB  operation  is 
distorted  This  nonsymmetrical  distortion  is  a 
result  of  the  presence  of  even  harmonics.  Thus» 
we  need  to  realize  that  class  AB  operation  re« 
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cellent  fidelity  achieved.  If  R  is  adjusted  for  class 
A  operation,  the  output  waveshape  is  the  result* 
ant  of  the  individual  waveshapes  as  illustrated 
m  figure  84,C. 

15-29.  It  seems  that  since  class  AB  operation 
is  more  efficient  than  class  A  operation,  class  AB 
would  always  be  preferred  The  ou^ut  wave- 
shape looks  as  good  for  class  AB  as  it  does  for 
class  A.  This  is  because  we  have  assumed  per- 
fectly matched  transistors  and  symmetrical  cir- 
cuitry. Suppose,  however,  that  the  transistors 


Figure  83.   Push-puil  ampiifier  that  eon  be  biased 
class  AB  or  class  A. 
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Figure  84.   Typical  output  waveforms. 

quires  matched  transistors  and  circuit  symmetry 
if  high  fidelity  is  desired  Such  requirements 
somewhat  of&et  the  higher  efficiency  it  offers. 

15-30.  Inverter  driver.  It  is  not  necessary  to 
use  a  transformer  to  obtain  input  signals  of  op- 
posite phase  for  a  push-pull  amplifier.  The  chr- 
cuit  in  figure  86  shows  how  a  driver  amplifier 
can  be  designed  to  produce  output  signals  that 
are  180^  out  of  phase.  Resistora  Rl  and  R2 
are  of  such  ohmic  values  as  to  provide  the  pro- 
per base  bias  for  linear  class  A  operation.  Resis- 
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Fff  lire  85.    Waveforms  resulting  when  a  push-puU  circuit  is  not  symmetrical  for  (A)  class  AB 

operation,  and  (B)  class  A  operation. 


tors  R3  and  R4  are  equal  in  value  so  that  the 
signal  outputs  are  the  same  in  amplitude.  The 
normal  phase  inversion  from  base  to  collector 
occurs  across  R3,  whereas  across  R4  the  signal 
output  is  in  phase  with  the  input. 

IS-31.  Emitter  follower  action  accounts  for  the 
phase  of  the  signal  across  R4.  This  action  also 
accounts  for  the  fact  that  input  impedance  is 
higher  than  ordinary  and  the  output  impedance 
is  lower  to  match  the  input  impedance  of  the 


push-pull  stage.  Another  advantage  offered  is 
the  improved  frequency  response.  Better  fre- 
quency response  can  be  attributed  to  two  things: 
degenerative  (negative  feedback)  action  and  ca- 
pacitive  coupling. 

lS-32.  We  took  care  to  say  capacitive  coupling 
rather  than  RC  coupling  since  crystal  diodes 
CRl  and  CR2  are  used  in  place  of  resistors. 
These  are  discharge  diodes  that  prevent  the  ca- 
pacitors CI  and  C2  from  taking  on  a  charge 
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Figure  86,   Capacitivety  coupled  input  to  a  push-pull  amplifier, 
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Figure  87.   Push-pull  amplifier  using  eompiementary 
symmetry. 

which  would  bias  th^  push-pull  amplifier  well 
below  cutoff.  Inasmuch  as  the  transistors  draw 
base  current  during  half  a  cycle  for  dass  B 
operation,  rectified  base  cunents  flow  into  CI  and 
C2.  If  CRl  and  CR2  were  not  connected  in  the 
circuit  as  shown,  a  negative  charge  would  build 
up  to  reverse-bias  the  push-pull  transistora.  This 
would  correspond  the  grid-leak  biasing  electron 
tubes.  To  preclude  this  unwanted  base  biasing, 
CRl  conducts  whenever  CI  becomes  negative 
widi  respect  to  ground,  and  CR2  conducts  when- 
ever C2  becomes  negative  with  respect  to  ground. 
Thus,  these  discharge  diodes  function  to  main- 
tain zero  volts  base  bias. 

15-33.  Complementary  symmetry.  An  ar- 
rangement made  possible  by  the  use  of  an  n-p-n 
and  a  p-n-p  transistor  is  shown  in  figure  87.  Tliis 
simple  push-pull  amplifier  circuit  affords  the 
benefits  of  capacitive  coupling,  yet  does  not  re- 
quire a  phase  inverter  and  does  not  require  dis- 
charge diodes. 

15-34.  Input  phase  inveraion  is  unnecessary 
since  at  zero  base  bias  the  n-p-n  transistor  (Ql) 
and  p-n-p  transistor  (Q2)  conduct  on  alternate 
half-cycles  of  the  input  When  the  input  signal  is 
positive  going,  Ql  conducts  and  Q2  is  cut  off. 
When  the  input  signal  is  negative  going,  Q2  con- 
ducts and  Ql  is  cut  off.  libus,  push-pull  opera- 
tion takes  place  as  a  result  of  the  complementary 
action  of  the  transistors. 

15-35.  Note  that  Im  and  Iba  flow  in  opposite 
directions.  U  the  transistora  are  properly 
matched,  these  two  currents  will  be  equal.  Be- 
cause they  are  equal  and  opposite,  the  resultant 
charging  current  flowing  into  the  coupling  ca- 
pacitor is  zero.  Since  no  charge  will  develop  to 
revene-bias  the  bases,  discharge  diodes  are  not 
needed 

15-36.  The  basic  circuit  just  discussed  illus- 
trates how  simplicity  and  improvement  of  a 
push-pull  amplifier  circuit  can  be  attained  by 
using  n-p-n  and  p-n-p  transistora  together.  Many 
varied  circuits  take  advantage  of  the  comple- 
mentary features  of  transistora.  Such  circuits 
have  no  electron-tube  counterparts. 


16.  Audio  ConsolM 

16-1.  The  audio  console  is  the  nerve  center 
for  the  audio  portion  of  TV  production,  just  as  the 
sync  generator  is  the  heart  of  the  video  equip- 
ment. However,  the  basic  functions  are  vastly 
different.  Whereas  the  sync  generator  provided  a 
standard,  the  audio  console  does  much  more.  In 
this  section  we  shall  see  just  how  much  more  as 
we  study  the  functions,  signal  paths,  mixing  ac- 
tion, and  monitoring  facilities  which  are  all  a  part 
of  the  audio  console.  An  audio  console  will  be 
designed  to  handle  audio  signals  from  micro- 
phones, tape  recordera,  special  effects  consoles, 
and  other  sources  as  necessary  for  sound  pro- 
duction. 

16-2.  Functions.  There  are  many  functions 
which  could  be  listed;  however,  for  our  purposes, 
we  will  consider  those  functions  performed  by 
amplifiera,  switches,  mixers,  and  moniton.  Of 
course  for  the  console  to  carry  out  its  functions 
there  must  be  certain  auxiliary  equipment  at- 
tached, as  indicated  by  the  various  input  and 
output  tenninations  of  figure  88.  Most  consoles 
contain  their  own  power  supply. 

16-3.  Amplifiers.  In  an  earlier  part  of  this 
chapter  when  microphones  were  discussed,  you 
will  ^«all  that  the  dynamic  microphone  was  de- 
termined to  be  the  best  for  fidelity.  This  micro- 
phone, however,  requires  a  preamplifier  (pre- 
amp)  due  to  its  low  output  voltage.  Therefore, 
the  audio  console  has  built-in  preamplifiers, 
which  give  sufficient  signal  level  to  drive  the 
program  and  monitor  amplifiera.  The  preamps 
used  in  this  unit  (see  fig.  88)  have  external  gain 
controls,  which  are  located  on  the  front  of  the 
console  along  with  the  other  input  controls.  These 
controls  are  actually  labeled  ^'mixer.'*  The  pro- 
gram amplifier  is  also  a  multistage  amplifier 
which  falls  in  the  class  of  a  driver.  This  ampli- 
fier also  has  a  gain  control,  which  is  the  master 
control  that  enables  the  operator  to  adjust  for  the 
correct  output  level,  as  indicated  on  the  VU 
meter. 

16-4.  Switches.  The  control  consoles  are 
equipped  with  a  number  of  multiple  contact 
double  throw  lever  switches.  These  switches  are 
used  to  perform  a  number  of  functions,  some 
singly  and^fome  as  multiple  functions.  The  tape 
input  is  an  example  of  a  single  fimction.  When 
the  switch  is  in  either  the  program  or  monitor 
position,  the  only  function  is  applying  the  tape 
signal  to  the  respective  amplifier.  The  micro- 
phone selector  switches  use  an  additional  set  of 
contacts  to  control  the  muting  relay  which  re- 
moves the  monitor  speaker  from  the  circuit.  Also, 
the  muting  relay  controls  the  on-the-air  alert 
light. 
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Figure  88. '  Block  diagram  of  an  audio  console. 


16-5.  There  are  other  switches,  such  as  SI, 
which  are  used  to  select  the  various  circuits  to 
be  monitored.  There  is  a  switch,  not  shown  in 
figure  88.  which  enables  the  operator  to  select 
what  he  wishes  to  monitor  on  the  phone  jack. 
It  should  be  mentioned  that  figure  88  is  a  block 
diagram  of  a  simple  console;  the  more  elaborate 
control  consoles  have  many  more  switches. 

16-6.  Mixers.  The  mixers  consist  primarily  of 
the  variable  attenuators  which  are  incorporated 
with  the  various  amplifiers.  In  the  amplifier  cir- 
cuits, the  mixers  are  nothing  more  than  gain  con- 
trols. In  the  tape  input,  auxiliary  input,  and 
special  effects,  they  serve  as  gain  controls  for  the 
cue  circuit.  For  those  who  have  not  actually 
worked  on  a  control  console,  there  might  be  some 
question  as  to  why  they  are  called  mixers.  This 
can  best  be  explained  by  saying  that  as  one  input 
signal  is  used  to  replace  another,  one  signal  will 
be  Increased  as  the  other  is  decreased.  In  this 
instance  the  operator  will  increase  the  gain  on 
one  input  mixer  control  while  decreasing  the 


gain  for  the  other.  If  two  inputs  are  to  be  used 
at  the  same  time,  then  the  two  mixer  controls 
will  be  set  to  give  the  proper  balance  or  desired 
mixing  of  the  signals  coming  into  the  console. 
They  will  also  be  set  to  give  the  correct  overall 
amount  of  output  signal. 

16-7.  Monitors.  The  console  incorporates  a 
VU  meter  which  is  used  to  monitor  the  signal 
level  out  to  the  line  and  the  external  monitor. 
When  you  are  using  the  mixer  controls,  the  VU 
meter  is  very  important  for  adjusting  and  main- 
taining the  correct  level  out.  The  headset  moni- 
tor (not  shown  on  the  block  diagram)  is  also 
used  for  adjusting  balance;  however,  since  the 
operator's  sense  of  volume  is  not  good  enough 
to  set  the  level  out,  the  VU  meter  is  needed. 

16-8.  The  various  speaker  connections  also 
serve  as  monitors  in  the  control  room  at  remote 
locations  and  other  miscellaneous  installations. 
Like  a  headset,  the  speaker  serves  to  give  you 
an  idea  of  the  output  level,  but  is  not  exact 
enough  when  adjusting  for  the  correct  level  while 
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monitoring  tapes  or  live  programs.  Ii  should  be 
meniioned  that  some  of  the  control  consoles  have 
selective  scale  adjustments  for  the  meters, 
whereas  others  require  modification  of  the  pad 
circuit  to  change  the  meter  scale. 

16-9,  Signal  Paths.  Again  looking  at  figure 
88,  we  see  that  there  arc  a  number  of  possible 
signal  paths.  In  this  diagram  we  have  a  total 
of  six  inputs  and  three  outputs.  Remember  that 
this  is  a  simple  setup.  There  are  many  more 
inputs  and  outputs  in,  the  more  elaborate  setups 
that  have  talkback  circuits  incorporated  for  class* 
room  work.  In  the  diagram  illustrated,  start  with 
microphone  number  1  and  trace  a  signal  path 
through  the  preamp,  level  selector  switch  (pro- 
gram *T"  position),  program  amplifier,  VU 
meter,  line  out  pad  or  extension  monitor  pad  to 
the  output.  If  switch  SI  were  in  the  PGM  posi- 
tion, the  output  from  the  program  amplifier  would 
also  be  coupled  to  the  monitor  amplifier  and 
control  room  speaker  terminal. 

16-10.  As  shown  in  the  diagram,  all  of  the 
input  signals  can  be  connected  to  the  program 
amplifier  and  monitor  amplifier  at  one  time. 
Let  us  suppose  that  you  have  a  studio  program 
that  requires  the  use  of  ail  the  microphones  and 
also  requires  specific  sound  effects  which  are  re- 
corded on  tape.  In  this  case,  you  must  use  the 
cue  circuit  to  set  the  tape  to  a  desired  spot. 
With  SI  in  the  cue  position,  a  signal  is  fed  to  the 
monitor  amplifier.  At  the  right  moment,  you  use 
the  selector  switch  to  send  the  signal  to  the  pro- 
gram line.  Thus,  the  tape  input  is  mixed  into 
and  becomes  part  of  the  program. 

16-11.  Performance  .\djustnients.  Three  types 
of  adjustments  of  primary  concern  are  elimina- 
tion of  hum  in  the  circuits,  prevention  of  erratic 
action  from  switch  contacts,  and  accurate  control 
of  output. 

16-12.  Hum  balance.  It  should  be  mentioned 
at  this  point  that  hum  is  not  usually  a  problem 
with  a  transistorized  control  console.  However, 
the  tube  type  consoles  with  a-c  filaments  are 
subject  to  hum  distortion.  To  eliminate  this  prob- 
lem, you  will  need  to  adjust  the  hum  balance 
control,  which  is  found  in  the  power-supply  sec- 
tion. To  make  the  hum  adjustment,  set  all 
input  selector  switches  to  the  center  or  off  posi- 
tion. If  there  is  an  input  that  cannot  be  turned 
off,  it  should  be  terminated  in  a  resistance  since 
it  may  pick  up  hum  in  a  manner  similar  to  an 
antenna.  After  all  input  circuits  are  either  off  or 
terminated,  turn  the  master  gain  all  the  way 
clockwise.  If  the  preamp  is  in  the  circuit  follow- 
ing the  selector  switch,  turn  the  preamp  gain  or 
mixer  to  minimum,  fully  counterclockwise.  Now 
you  are  ready  to  adjust  the  hum  control  for 
minimum  hum  in  the  output  of  the  program  line. 
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16-13.  5vv/7t7f  coniaas.  liic  switch  coiuislIs 
can  be  a  source  of  much  trouble  du\3  to  their 
position  in  the  line  relative  iv  the  amphliers. 
When  a  switch  spring  bceomcs  bent,  it  will  not 
close  properly;  therefore,  you  must  ailjust  ii  tor 
good  contact.  If  a  contact  becomes  burned  or 
otherwise  pitted,  erratic  action  nuiy  result.  Swiieii 
contacts  should  be  carefully  checked  and  ad- 
justed or  aligned  for  smooth  action.  This  is  true 
for  both  rotary  and  lever  action  switches. 

16-14.  Overdriven  uiitput.  When  settinii  up 
ihc  output  leyel.  the  important  thing  u>  remem- 
ber is  that  your  accuracy  can  be  no  better  than 
the  VU  meter  reading.  In  other  wordb.  you  will 
not  be  able  to  properly  set  the  output  unless  >our 
VU  meter  is  accurate.  Depending  on  the  console, 
you  may  find  various  methods  of  ealibratiiiii  the 
VU  meter.  If  you  find  the  meter  is  improperly 
calibrated,  it  must  be  recalibrated  aLiainsl  a 
known  standard.  In  some  cases  it  will  be  neces- 
sary to  change  the  resistors  in  the  pad  circuit  to 
get  the  correct  VU  meter  calibratum.  ^  ou 
should  realize  the  importance  of  output  level 
control  since  this  signal  goes  to  a  rccoriler  a  live 
broadcast,  or  a  live  CXTV  network.  I  herelore. 
any  distortion  which  results  from  liie  i»veiJriven 
output  causes  a  loss  of  inielligenec. 

16-15.  Symptoms  and  Truuhle.s.  The  troubles 
diagnosed  here  are  only  a  fcv;  that  may  cause 
the  symptoms  described.  Son?e  of  the  troubles 
may  have  many  other  symptoms  which  will  en- 
able you  to  determine  the  most  likely  cause  of  a 
malfunction. 

16-16.  Himi.  As  already  mentioned,  some  ot 
the  hum  problems  arc  found  in  both  transistor 
and  tube-type  sets.  However  we  know  that 
troubles  with  hum  are  less  frequent  with  transis- 
tor units  because  they  do  not  use  heater  voltages. 
Most  of  the  hum  picked  up  in  a  transistor'^unil 
will  be  from  the  preamps.  amps,  long  microphone 
leads,  and  other  types  of  inputs.  The  tube-type 
control  cdnsolcs  are  different  because  of  the  a-c 
filaments.  The  hum  balance  adjustment  proce- 
dure has  already  been  discussed  in  the  previous 
section;  however,  this  adjustment  will  suffice  only 
if  all  components  are  in  good  condition.  Fur 
example,  if  you  attempt  to  make  the  hum  adjust- 
ment and  find  that  the  control  does  not  have  any 
effect,  there  is  another  reason  for  the  iium.  In 
some  models  of  the  control  console  you  will  find 
the  hum  adjustment  to  be  nothing  more  than  a 
d-c  voltage  that  can  be  varied  from  one  .side  of 
the  filaments  to  the  other.  In  essence,  this  applies 
a  positive  potential  on  the  filaments  with  re- 
spect to  the  cathode,  causing  a  current  How  from 
the  cathode  to  the  filaments  rather  than  frimi 
filaments  to  cathode.  Thus,  any  hum  which 
might  ordinarily  be  coupled  from  the  filaments 


26^ 


will  be  blocked.  Now  if  you  were  not  able  to 
make  the  hum  adjustment  with  the  hum  balance 
control,  there  is  a  good  possibility  that  the  voltage 
is  missing  from  the  hum  balance  adjust.  Depend- 
ing on  the  console  model,  you  may  have  as  much 
as  40  volts  at  the  center  tap  of  the  balance  con* 
trol;  this  voltage  is  usually  obtained  from  a 
bleeder  circuit  in  the  B+  supply.  Therefore, 
when  there  is  a  hum  control  failure,  you  should 
check  the  power  supply  voltage  and  the  balance 
voltage  source. 

16-17.  Feedback.  Recall  that  the  muting  re- 
lay is  used  to  mute  the  speaker.  If  this  fails, 
sound  may  be  fed  back  from  the  speaker  to  the 
microphone.  There  are  two  possible  places  to 
look  for  the  cause  of  this  trouble — one  is  the 
relay  which  does  the  muting,  and  the  other  is 
the  switch  which  controls  the  relay.  Of  course 
you  can  easily  determine  whether  the  switch  is 
faulty  by  using  another  selector  switch  to  see  if 
the  relay  is  activated.  If  the  relay  is  activated 
and  the  speaker  is  muted,  you  know  that  the 
trouble  is  in  the  switch.  If  the  relay  is  not  ac- 
tivated, then  it  should  be  checked.  Another  thing 
to  remember  about  sound  feedback  is  that  the 
higher  audio  frequencies  will  usually  cause  more 
difficulties  than  the  lower  frequencies.  Also,  do 
not  overlook  the  possibility  of  sound  feedback 
from  extension  monitors  in  adjacent  rooms.  These 
sources  of  sound  can  also  be  troublesome. 

16-18.  Microphone.  Since  the  microphone  is 
the  signal  source  in  an  audio  system,  it  can  also 


be  the  source  of  troubles.  The  microphone  in 
most  all  instances  will  require  a  preamp  as  in- 
dicated on  the  block  diagram.  There  are  many 
troubles  that  are  attributable  to  the  microphone 
itself,  such  as  broken  cords,  loose  connections, 
and  corroded  terminals — all  of  which  could  cause 
weak  or  erratic  output.  This  is  in  addition  to 
any  other  internal  damage  to  the  microphone; 
and,  of  course,  any  of  these  symptoms  could  be 
localized  to  the  microphone  by  substitution  of  a 
known  good  microphone.  If  the  trouble  is  in  the 
preamp,  then  of  course  it  would  be  a  .matter  of 
checking  tubes  and  other  items  or  perhaps  circuit 
tracing  the  preamp.  However,  a  weak  signal 
woiild  usually  be  a  weak  tube  in  the  circuit.  Other 
possibilities,  although  less  probable,  are  low  B  +  , 
low  filaments,  component  value  change,  and 
other  minor  items. 

16-19.  Erratic  mixers.  The  mixer  control  is 
one  part  of  the  control  console  which  is  used 
extensively  and  causes  some  trouble  during  oper- 
ation. The  mixer  or  variable  attenuator  is,  as 
you  already  know,  nothing  more  than  a  gain 
control;  therefore,  it  has  a  sliding  arm  contact. 
The  sliding  contact  may  become  dirty  and  cause 
noisy  operation  of  the  control.  This  will  be  very 
apparent  in  the  use  of  the  control,  as  you  will 
hear  the  static  or  jumps  in  gain  rather  than  a 
smooth  change.  The  trouble  can  be  eliminated 
by  cleaning  the  wiper  arm  contacts  with  a  good 
contact  cleaner,  or  some  other  cleaner  as  recom- 
mended by  the  manufacturer. 


CHAPTER  7 


Color  TeSevision 


BESIDES  THE  natural  appeal  of  color  TV 
there   arc  numerous  practical  advantages 
that  account  for  its  development  and  use.  Wc 
will  discuss  its  use  in  the  Air  Force,  point  out 
some  of  Its  advantages,  and  indicate  its  future 
utilization.  Although  a  color  TV  system  has  much 
in  common  with  a  monochrome  system,  you 
should  understand  the  special  requirements  for 
color  TV.   We  will  review  these  requirements 
before  you  study  the  camera  chain  'and  color 
monitor.  Our  coverage  intends  to  reinforce  your 
knowledge  of  color  TV  and  to  further  your 
understanding  of  the  principles  involved.  With 
the  increased  use  of  color  systems,  it  is  highly 
probable  that  you  will  have  to  maintain  color 
TV  equipment. 

17.  Applications  and  Requirements 

17-1.  Despite  the  complexity  and  expense  of 
color  TV,  the  Air  Force  employs  it  ii.  Mtxy 
areas  and  is  programing  it  for  wider  use.  The 
more  important  areas  of  application  are  brought 
to  your  attention  in  this  section  before  investigat- 
ing the  requirements  of  a  color  system. 

17-2.  Air  Forces  Uses  of  Color  TV.  The  ad- 
vantage to  the  Air  Force  of  a  color  system  over 
a  monochrome  system  depends  largely  upon  the 
nature  of  the  subject  matter  being  televised. 
Where  color  plays  an  important  part  in  the  de- 
lineation and  recognition  of  the  equipment  or 
material  being  ust:'  a  TV  system  which  will 
faithfully  reproduce  those  characteristics  is  ob- 
viously desirable.  The  detail  response  of  a  color 
system  is  superior  to  that  of  a  monochrome  sys- 
tem. Because  of  the  expense  involved,  a  color 
svstcm  confined  to  one  use  only  may  not  be  ad- 
vantageous. Usually  a  base  or  installation  will 
have  color  facilities  for  application  in  a  number 
of  areas,  such  as  weather,  missiles,  medicine,  and 
others  too  numerous  to  list. 

17-3.  Weather  The  use  of  color  closed-circuit 
television  in  a  base  weather  station  is  practical 
and  creatly  facilitates  information  transmission. 
Monochrome  closed-circuit  lelevision  has  proved 


valuable  in  transmiuing  woalhcr  data  tn  other 
interested  facilities;  color  increases  the  quality  of 
information  which  can  be  transmitted  since 
weather  charts  and  maps  use  several  colors  lo 
denote  highs.  lows,  fronts,  cte.  .Accurate  presen- 
tation of^high-dciail  maps  and  charts  denuuuls 
Kood  quality  cameras.  The  addiiion  of  color 
eliminates  some  of  the  printed  inf'ormation  on 
these  maps,  but  conveys  the  same  amount  of 
information.  Since  the  definition  attainable  with 
color  TV  is  superior  to  monochrome  TV.  color  is 
particularly  suited  to  this  application. 

17-4.  Missiles.  Color  television  systems.  like 
the  monochrome  systems  described  earlier  in 
this  volume,  arc  also  used  to  monitor  the  opera- 
tions of  guided-missile  installations.  Dangerous 
operations^  such  as  missile  launching  and  tesiinj: 
of  machinery  under  extreme  mechanical  stress, 
require  remote  location  of  operators  and  super- 
visors; the  extensive  use  of  color  coded  controls 
and  materials  makes  the  ci>lor  closed-circuit  tele- 
vision monitoring  system  particularly  effective. 
Inasmuch  as  small  missiles  can  often  be  ohscrved 
in  relative  safety  from  short  distances.  T\'  moni- 
toring is  not  required;  however,  as  a  salety  pre- 
caution, TV  monitoring  is  necessary  for  larizc 
missile  launching  activities. 

17-5.  Medicine.  Some  major  hospitals  have 
installed  color  closed-circuit  TV  systems  f<i  med- 
ical training  purposes.  Recent  developments  in 
color  TV  equipment  include  a  color  camera  es- 
pecially designed  for  hospital  use.  The  camera, 
with  associated  mirror  and  lights,  can  be  remolcly 
controlled  from  anywhere  in  the  hospital.  Wiien 
properlv  located  in  the  surgical  room,  tlie  color 
camera  permits  large  iiroiips  of  medical  students 
to  view  from  a  remote  distance  an  entire  opera-^ 
lion  in  realistic  detail.  .Autopsy  ri>oms  a^ul  dental 
clinics  are  other  locations  where  direct  i.bserva- 
tioii  is  extremely  difficult  due  to  limitcil*  >p:icc. 
The  use  o{  culor  r\'  in  thes-  localities  j^rovtdes 
the  same  training  capabilities  as  in  llie  nperatini: 
room.  Such  color  systems  have  alreadv  provoil 
to  be  of  tremendous  value  in  training  mcdteal 
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Niudcnis.  and  ii  seems  reasonable  lo  predict  that 
the  number  i)f  lu)spiials  using  color  closed-circuit 
TV  s^^lcm^  for  this  purpose  will  rapidly  increase. 

I7-(>.  Orfur.  General  surveillance,  hazardous 
moniiorini!.  weather  service,  and  iraining  con- 
stitute the  bulk  of  color  closed-circuit  TV  ap- 
plications. An  example  of  tactical  capabilities  in 
the  military  application  i)f  TV  is  Air  Force  re- 
ci»nnaissance.  A  color  closed-circuit  T\'  link 
enables  a  large  group  of  command  personnel, 
located  at  a  remote  point,  to  observe  the  enemy 
terrain  simultaneously  with  the  pilot  and  ob- 
server, thus  facilitating  a  more  rapid  transmission 
of  vital  information.  Color  TV.  in  this  applica- 
tion, has  a  definite  advantage  over  monochrome 
Since  camouflaged  areas  are  more  easily  dis- 
ct>vcrcd  when  the  picture  is  reproduced  in  color. 
Many  colors  that  blend  perfectly  when  viewed 
in  monochrome  stand  out  as  being  artificial  in 
actual  color. 

17-7.  Requirements  of  Color  TV.  To  appre- 
ciate the  requirements  of  a  color  TV  system,  you 
neetl  to  know  the  properties  of  color.  Moreover, 
you  need  io  know  the  perceptive  characteristics 
of  ihe  human  eye  to  understand  what  informa- 
tion must  be  contained  in  a  color  video  signal. 
A  brief  review  of  color  principles  .should  suffice 
to  call  to  mind  those  factors  that  have  an  impor- 
tant bearing  on  the  compatibility,  bandwidth,  and 
sync  requirements.  We  will  show  how  these  re- 
quirements are  met  when  we  describe  the  camera 
chain  and  monitors  of  a  color  system. 

17-8.  Coltjr  and  color  pcrceptiun.  The  exact 
process  by  which  the  human  eye  is  able  to  trans- 
late light  of  different  wavelengths  into  color  sen- 
sations is  not  fully  understood.  However,  experi- 
ments have  shown  that  almost  the  full  range  of 
color  sensations  can  be  obtained  by  mixing  red, 
blue,  and  green  light  ih  various  proportions. 
These  three  colors  are  called  additive  primaries. 
Additive  primaries  are  not  restricted  to  blue, 
green,  and  red.  Any  three  colors  can  be  used 
Si)  long  as  no  two  of  them  produce  the  third  when 
mixed.  The  widest  range  of  color  is  obtained, 
however,  when  blue,  green,  and  red  are  chosen. 
For  this  reason,  these  three  additive  primaries  are 
used  for  color  TV. 

17-9.  It  is  appropriate  here  to  distinguish  be- 
twcen  additive  and  subtractive  primaries.  .Addi- 
tive primaries  are  so  called  because  they  arc 
,sources  of  color  light  which  are  added  (mixed) 
to  produce  a  desired  color.  By  contrast,  sub- 
tractive  primaries  are  absorbers  of  color  light 
which  subtract  or  remove  certain  colors  from 
white  light  to  create  color.  Whereas  a  knowledge 
of  subtractive  primaries  is  important  to  several 
fields  i4  study   (e.g..  photography  and  color 


printing),  a  knowledge  of  the  additive  primaries 
is  more  pertinent  to  the  study  of  color  TV. 

17-10.  A  discussion  of  color  as  applied  to 
color  TV  would  be  relatively  simple  if  all  that 
had  to  be  considered  were  the  various  colors  of 
light  obtainable  by  mixing  various  proportions  of 
blue,  green,  and  red.  But  the  variety  of  colors, 
called  hue,  is  only  one  of  the  three  basic  proper- 
ties of  color  perception.  The  other  two  properties 
that  must  be  considered  are  saturation  (or 
purity)  and  luminance  (or  brightness).  Satura- 
tion is  the  term  that  describes  the  amount  of  white 
light  mixed  with  the  hue.  For  example,  pink  is 
a  red  hue  diluted  or  mixed  with  a  considerable 
amount  of  white.  A  zero  saturation  of  red  hue  is 
white  light  whereas  a  100-percent  saturation  of 
red  hue  is  pure  red — thus  no  white  light.  Broadly 
speaking,  the  pale  or  pastel  shades  of  hue  are 
less  saturated  than  the  vivid  shades  of  hue.  Lumi- 
nance is  the  term  that  describes  the  brightness  or 
intensity  of  colored  light.  Although  luminance, 
saturation,  and  hue  are  interrelated,  they  are 
.  distinct  properties  which  you  should  understand. 

17-11.  A  chart  used  for  the  study  of  color  is 
the  ehromaticity  diagram  which  reveals  the  re- 
lationships between  the  different  colors  and  color 
mixtures.  Figure  89  shows  a  ehromaticity  dia- 
gram which  is  useful  to  determine  the  hue  and 
saturation  required  to  produce  a  particular  color. 
This  tongue-shaped  diagram  is  numbered  around 
its  perimeter  from  400  to  700  millimicrons,  which 
is  the  wavelength  range  of  the  visible  spectrum. 
If  figure  89  were  in  color,  you  could  see  that  the 
color  changes  are  gradual  from  point  to  point. 
The  deep  shades  are  present  at  the  outer  edge  of 
the  diagram.  Any  point  on  the  perimeter  repre- 
sents a  pure  color  (100  percent  saturation). 
Moving  inward  to  the  white  area,  the  colors 
become  lighter;  pastel  shades  appear;  and  then  a 
whitish  area  is  seen.  Points  within  the  diagram 
represent  different  mixtures  of  color  (hue)  and 
different  saturations.  For  example,  the  midpoint 
on  a  straight  line  connecting  pure  green  and  pure 
white  represents  a  color  having  a  yellowish  green 
hue  and  a  saturation  of  SO  percent. 

17-12.  The  area  inclosed  by  the  triangle 
B.G,R,  as  illustrated  in  figure  89,  contains  all  the 
hues  and  saturations  thai  are  specified  by  FCC 
for  color  TV.  The  colors  outside  the  triangle  are 
relatively  unimportant  since  they  rarely  occur  in 
nature.  Excellent  color  fidelity  is  therefore  at- 
tainable in  a  color  TV  system  that  transmits  the 
range  of  hues  and  saturations  within  the  FCC 
ehromaticity  triangle. 

17-13.  Because  a  ehromaticity  diagram  does 
not  include  luminance,  we  need  look  to  figure 
90.  which  illustrates  the  relative  response  of  the 
human  eye  to  the  various  colors  in  the  spectrum. 
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Figure  89,    Chromaticity  diagram. 


Of  the  three  TV  primaries,  note  that  green  ap- 
pears the  brightest.  In  white  light  the  proportions 
of  the  color  primaries  sensed  by  the  eye  are  59 
percent  green,  30  percent  red,  and  11  percent 
blue.  If  you  keep  these  color  proponions  con- 
stant while  slowly  decreasing  light  intensity,  the 
brightness  changes  from  white  through  progres- 
sively darker  shades  of  gray  to  black.  Therefore, 
brightness  is  achromatic  even  though  it  contains 
the  three  color  components. 

17-14.  Although  color  has  three  properties, 
the  eye's  ability  to  perceive  them  depends  upon 
the  size  of  the  image  (object  or  area)  being 
viewed.  For  relatively  large  images,  the  eye  sees 
the  full  range  of  hue,  saturation,  and  brightness 
present.  As  size  decreases,  the  eye  becomes  less 
discerning  and  partially  colorblind.  So  much  so 
that  for  very  small  images,  it  sees  colors  as  shades 
of  gray  from  black  to  white.  This  is  to  say,  the 
eye  is  completely  colorblind  with  regard  to  fine 


detail;  therefore,  only  luminance  is  needed  since 
the  eye  is  incapable  of  sensing  the  hue  and  satu- 
ration of  very  small  images.  These  perceptive 
characteristics  are  used  to  advantage  in  color 
TV,  as  we  will  point  out  shortly. 

17-15.  Compatibility  and  bandwidth.  Com- 
patibility is  a  requirement  that  must  be  met  for 
color  broadcasting.  This  means  that  ( 1 )  a  color 
video  signal  must  provide  a  standard  black-and- 
white  (monochrome)  signal,  (2)  chrominance 
information  must  be  contained  within  the  stand- 
ard TV  bandwidth,  and  (3)  the  chrominance 
signal  must  not  interfere  with  the  monochrome 
signal.  These  requirements  are  met  by  the  Na- 
tional Television  System  Committee  (NTSC) 
color  system.   Since  the  NTSC  system  is  used 
throughout  this  country,  you  need  lo  understand 
that  it  is  compatible  with  the  standard  mono- 
chrome system. 
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17-16.  The  first  requirement  is  met  by  trans- 
mitting a  composite  black-and-white  video  signal 
having  practically  identical  waveform  standards 
for  amplitude  modulation  (AM),  synchroniza- 
tion, and  blanking  as  a  monochrome  system. 
A  spectrum  analysis  of  this  signal  (see  fig.  91) 
shows  that  the  frequencies  constituting  it  do  not 
occupy  the  entire  band,  but  occur  in  clusters  near 
harmonics  of  15J50  cps,  the  scanning  line  fre- 
quency. Such  being  the  case,  frequencies  con- 
stituting the  chrominance  signal  can  be  dis- 
tributed between  these  clusters  within  the  4.5-mc 
range  without  disturbing  the  black-and-white  sig- 


nal. This  is  how  the  NTSC  color  system  satisfies 
the  second  and  third  requirements  for  compati- 
bility. By  modulating  an  odd  harmonic  of  one- 
half  the  line  scanning  frequency,  the  chrominance 
frequencies  are  placed  in  the  spectrum  midway 
between  the  clusters  of  the  monochrome  frequen- 
cies. This  principle  is  called  interleaving.  A  fre- 
quency of  3.58  mc,  which  is  approximately  the 
455th  harmonic  of  Vi  X  15,750  cps,  is  used  as 
the  color  (chrominance)  carrier.  In  a  r-f  trans- 
mission system,  it  is  called  a  subcarrier  since  the 
composite  video  signal  modulates  the  r-f  carrier. 
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Figtirc  91.    Intcrieaving  of  chrominance  frequencies. 
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VHF  and  UHF  carrier  systems  will  be  covered 
later  in  Volume  2. 

17-17.  In  addition  to  rigid  adherence  to  the 
FCC  monochrome  bandwidth  requirements,  there 
are  bandwidth  requirements  peculiar  to  the 
NTSC  color  system.  The  bandwidths  assigned  to 
the  chrominance  frequencies  are  based  on  the 
perceptive  characteristics  of  the  human  eye  de- 
scribed earlier.  Video  picture  information  is 
divided  into  two  parts:  (1)  luminance  which  is 
called  the  Y  or  M  signal  (from  here  on  referred 
to  as  Y)  and  (2)  chrominance  which  consists  of 
components  called  I  and  Q  signals.  The  Y  signal 
occupies  the  same  bandwidth  as  the  standard 
monochrome  signal.  Large,  medium,  and  ver>' 
small  images  are  adequately  televised  within  this 
bandwidth.  Because  the  eye  is  colorblind  for 
very  small  images*  the  Y  (luminance)  signal  is 
sufficient.  Consequently,  the  chrominance  signal 
is  not  required  and  the  bandwidth  can  be  reduced 
considerably  for  the  I  and  Q  components.  Both 
the  I  and  Q  signals  contain  the  three  primaries, 
but  in  different  proportions.  The  hue  for  the  I 
component  ranges  from  cyan  to  orange.  This 
range  of  color  was  selected  for  medium  size 
images  because  it  gives  adequate  color  fidelity. 
Medium  size  images  are  televised  well  within  a 
video  range  of  l.S  mc;  therefore,  the  I  compo- 
nent is  assigned  this  range.  Only  large  images 
need  the  Q  component,  which  when  com^fned 
with  the  I  gives  the  full  color  spectrum.  A  video 
range  of  500  kc  (O.S  mc)  is  ample  to  convey 
large  image  information. 

17-18.  What  has  been  said  thus  far  concerning 
bandwidth  is  illustrated  in  figure  92.  Note  that 
the  bandwidth  for  the  luminance  signal  is  the 
same  as  that  for  the  standard  monochrome  signal. 
Because  the  chrominance  signal  is  a  modulated 
signal  having  a  3.5g-mc  reference,  the  band- 
width shown  extends  above  and  below  this  fre- 
quency. For  the  I  component,  the  full  l.S-mc 
range  is  used  to  produce  the  lower  sideband,  but 
only  a  O.S-mc  range  is  used  to  produce  the  upper 
sideband.  By  having  a  vestigial  upper  sideband. 


1  frequencies  arc  kept  within  the  standard  video 
bandwidth.  This  is  not  necessary  for  ihc'O  com- 
ponent, however,  since  its  full  range  is  only  0..'> 
mc.  An  entire  upper  and  lower  sideband  is  there- 
■ore  used.  Observe  that  both  the  I  and  O  com- 
ponents are  present  over  a  0.5-mc  video  r;uigc. 
thereby  providing  ma.ximum  color  for  largc-sizc 
areas;  whereas,  only  the  I  component  is  present 
from  0.5  mc  to  1.."^  mc.  the  range  in  which  the 
full  color  spectrum  is  not  required  for  middle 
size  images. 

17-19.  Sync,  The  waveforms  of  horizontal 
and  vertical  sync  pulses  for  color  TV  are  no  dif- 
ferent from  those  for  monochrome  TV.  There 
are  slight  frequency  differences;  however,  they 
are  well  within  the  tolerance  limits  of  a  mono- 
chrome system.  For  color,  the  horizontal  (line) 
sync  is  15,734  cps  in.stead  of  15,750  cps.  and  the 
vertical  (field)  sync  is  59.94  cps  instead  of  60 
cps.  Besides  the  horizontal  and  vertical  sync,  a 
3.58-mc  signal  sync  is  used  in  the  NTSC  system. 
This  signal  would  not  be  needed  if  the  3.58-mc 
color  carrier  were  transmitted  in  the  chrominance 
signal.  But  it  isn't.  The  color  carrier  is  com- 
pletely suppressed  in  the  modulation  process  for 
two  reasons:  (1)  to  reduce  beat  frequency  in- 
terference and  (2)  to  attain  higher  transmitter 
efficiency.  Being  absent,  the  3.58-mc  carrier 
must  be  inserted  by  the  local  oscillator  of  a  color 
receiver  or  monitor.  It  is  extremely  important 
that  the  local  oscillator  frequency  and  the  trans- 
mitter's 3.58'^riic  reference  frequency  are  syn- 
chronized, because  color  distortion  will  result  if 
they  are  not.  Therefore,  immediately  following 
each  horizontal  sync  pulse,  a  burst  of  the  3.58-mc 
reference  signal  is  transmitted.  This  sync  is  called 
the  color  burst  signal.  Note  in  figure  93  that  it  is 
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placed  on  the  back  porch  of  the  horizontal  blank 
pulse. 

17-20.  Chrominance  circuits.  Having  re- 
viewed, the  compatibility,  bandwidth,  and  sync 
requirements  for  color  TV,  let's  identify  the  ad- 
ditional circuitry  needed  in  an  NTSC  color  cam- 
era chain  and  monitor. 

17-21.  The  color  camera  chain  consists  of  a 
color  camera,  camera  control  unit,  sync  gen- 
erator, processing  amplifier,  and  colorplexer.  For 
distribution  and  versatility,  a  switcher  and  a 
DA  network  are  used.  In  the  following  section 
we  will  discuss  each  of  these  units  in  some  detail, 
but  we  wish  here  to  point  out  that  chrominance 
information  must  be  handled  as  well  as  lu- 
minance information.  Generally  speaking,  this 
necessitates  closer  tolerances  and  more  complex 
units.  The  color  camera  contains  a  special  optical 
system,  three  camera  tubes  with  their  associated 
preamplifiers,  and  video  networks.  Consequently, 
the  camera  control  panel  must  control  three  cam- 
era tube  outputs  and  their  relationships.  Because 
a  3.58-mc  sync  is  required,  the  color  sync  gener- 
ator must  provide  this  frequency  and  the  keying 
(flag  burst)  pulse  to  properly  time  the  3.58-mc 
synchronizing  signal.  Whereas  in  a  monochrome 
camera  chain  the  camera  control  unit  processes 
the  video,  in  a  color  camera  chain  signal  proces- 
sing plus  additional  functions  are  done  by  a 
processing  amplifier  unit.  Another  unit  not  found 
in  a  monochrome  camera  chain  is,  of  course,  the 
colorplexer.  It  performs  the  functions  necessary 
to  produce  the  composite  color  video  signal.  This 
entails  matrixing,  ffltcring,  delays,  modulation, 
and  mixing  to  produce  the  composite  color  video. 
Obviously,  there  arc  many  more  functions  per- 
formed in  a  color  camera  chain  than  there  are 
performed  in  a  monochrome  camera  chain: 

17-22.  As  in  the  camera  chain,  chrominance 
circuits  add  appreciably  to  the  complexity  and 
sophistication  of  color  monitors.   You  should 


realize,  however,  that  there  are  many  functions 
which  they  have  in  common  with  the  mono- 
chrome monitor.  The  luminance  signal  is 
handled  in  the  same  manner  by  both.  A  color 
monitor  must  handle  the  chrominance  signal  also. 
This  requires  circuits  to  detect,  process,  and  sep- 
arate the  primary  color  signals  that  arc  needed 
to  drive  a  color  kinescope.  Our  coverage  of 
color  monitors,  in  the  final  section  of  this  chapter, 
will  concentrate  on  these  circuits. 

18.  The  Camera  Chain 

18-1.  Figure  94  shows  a  block  diagram  of  a 
color  camera  chain.  In  this  section  we  will  de- 
scribe the  functions  performed  by  each  block  in 
the  diagram.  Particular  attention  will  be  given  to 
features  that  are  unique  to  an  NTSC  color  sys- 
tem. 

18-2.  Cameras.    The  color  camera  is  much 
larger  than  the  same  type  monochrome  camera 
due  to  the  increase  of  circuitry  necessary  for  the 
three  pickup  tubes  and  the  optical  system.  All 
live  pickup  color  cameras  use  three  identical 
pickup  tubes  with  an  associated  optical  light- 
splitting  system  to  provide  simultaneous  blue, 
green,  and  red  signafe.  With  the  exception  of  the 
three  pickup  tubes  and  the  associated  optical 
light-splitting  system,  color  cameras  are  siinilar  to 
monochrome  cameras  which  you  studied  in 
Chapter  4  of  this  volume.  As  in  monochrome 
television,  two  types  of  pickup  cameras  are  avafl- 
able— one  using  image  orthicon  pickup  tubes  and 
one  using  vidicon  tubes.  These  cameras  use  a 
light-splitting  system  like  the  one  shown  in  figure 
95. 

18-3.  Optical  system.  To  develop  the  color 
TV  signal,  the  color  TV  camera  must  first  split 
the  televised  scene  into  three  separate  light 
images,  blue,  green,  and  red.  Figure  95  shows 
a  sketch  of  an  optical  system  used  in  a  three-tube 
color  TV  camera.  On  the  left  are  the  objective 
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Figure  95,    Color  camera  lens  system. 


lenses  mounted  on  a  rotating  turret,  which  is 
very  similar  to  the  turret  used  in  the  mono- 
chrome camera.  Three  types  of  lenses,  wide- 
angle,  normal,  and  telephoto,  are  normally 
mounted  on  the  turret;  and  the  cameras  may  be 
equipped  with  the  zoom-type  lens.  The  three 
lenses  on  the  turret  do  not  split  up  the  light  into 
three  primary  colors,  as  only  one  lens  is  used  at 
one  time.  Again  referring  to  figure  95,  you  see 
that  the  light  enters  one  objective  lens  and 
follows  a  path  toward  the  pickup  tubes. 

18-4.  After  passing  through  the  selected  lens, 
light  passes  through  the  condenser  lens.  It  then 
passes  through  t%  dichroic  trimming  filter  which 
removes  the  ultraviolet  and  infrared  portions  of* 
the  spectrum.  The  vertical  astigmatism  compen- 
sator then  corrects  the  distortion  of  optical  focus 
caused  by  light  passing  through  the  dichroic 
mirrors  at  an  angle.  Light  then  enters  the  optical 
orbiter   (image   orbiter),   a   rim-driven  glass 
wedge  which  is  mounted  in  a  geared  ring  driven 
by  a  motor  through  a  gear  train.  The  image 
orbiter  is  a  device  which  rotates  the  camera 
image  in  a  slow,  continuous  elliptical  orbit,  un- 
detectable to  the  TV  viewer.  Its  purpose  is  to 
prevent  image  "bum-in"  or  "sticking"  of  the 
image  orthicon  pickup  tube.  Sticking  occurs  af- 
ter a  camera  is  held  stationary  on  a  high  con- 
trast scene  for  10  to  30  seconds  or  more.  A 
negative   image  remains  visible   for  intervals 
ranging  from  a  few  seconds  to  several  minutes, 
depending  upon  the  age  of  the  tube  and  the 
severity  of  the  bum.   Rotation  of  the  optical 
image  falling  on  the  photocathode  is  a  practical 
way  to  prevent  the  image  orthicon  from  sticking. 
This  is  accomplished  in  the  color  camera  by  the 


optical  orbiter.  The  image  moves  in  a  circle, 
and  the  duration  of  each  orbiting  cycle  is  1 
minute.  A  DC  motor,  acting  through  a  gear 
train,  drives  the  optical  wedge  mounted  in  a 
geared  ring.  Since  the  light  at  this  point  is 
common  to  all  three  pickup  tubes,  individual 
electrical  orbiters  are  not  necessary  for  each 
tube.  Upon  leaving  the  optical  orbiter,  the  light 
passes  through  the  relay  lenses,  where  the 
length  of  the  optical  path  is  increased  to  provide 
space  for  the  dichroic  mirrors  and  associated 
elements.  Between  the  relay  lenses  is  the  iris, 
which  is  used  to  adjust  the  amount  of  light  to  be 
passed  to  the  pickup  Lubes. 

18-5.  A  dichroic  mirror  is  designed  to  reflect 
a  specific  light  and  pass  all  others.  In  figure  95, 
mirror  A  will  reflect  blue  light  but  pass  red  and 
green  light.  The  blue  light  is  reflected  to  the 
face  of  a  front-surface  mirror  which  reflects  the 
light  to  the  pickup  tube  designated  for  blue  sig- 
nal  output.  The  red  and  green  light  passes 
through  the  blue-reflecting  dichroic  mirror  to 
red-reflecting  dichroic  mirror,  E.  The  green 
light  continues  through  mirror  E  to  the  green 
pickup  tube.  The  red  light  is  reflected  by  mirror 
E  to  front-surface  mirror  J,  where  it  is  reflected 
to  the  red  pickup  tube. 

18-6.  The  three  camera  tubes  arc  adjusted  to 
have  equal  output  when  the  televised  scene  is 
the  RETMA  chart.  Notice  that  B,  F,  and  H  are 
blue,  green,  and  red  trimming  filters.  These 
filters  are  placed  in  the  light  paths  to  adjust  the 
spectral  response  of  the  color  camera  pickup 
tube.  The  spectral  response  of  the  combined 
camera  tubes  should  be  equal  to  that  of  the 
monochrome  camera.  The  spectral  response  in 
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ihc  numiKhronic  camera  is  very  similar  lo  the 
spectral  response  of  the  liumaa  eye,  as  shown 
in  figure  90.  Since  the  dichroic  mirrors  have 
rather  broad  spectral  responses,  the  trimming 
filters  placed  in  the  three  light  paths  are  adjusted 
s«)  that  the  total  or  combined  response  ap- 
proaches that  of  the  human  eye.  The  trimming 
filters  are  adjusted  according  to  light  conditions; 
tiuloors  they  arc  adjuslcti  to  artificial  light,  out* 
(loi>rs  they  arc  adjusted  to  natural  light. 

18-7.  In  the  red  and  green  light  paths  are 
twij  neutral  density  filters  (G,  I.  fig.  95).  Since 
the  three  camera  tubes  are  adjusted  to  have 
equal  outputs  where  televising  a  white  or  neutral 
scene,  neutral  density  filters  must  be  placed  in 
the  red  and  green  light  paths  to  compensate  for 
the  unequal  response  of  the  eye  to  the  hues  that 
make  up  white  light.  Rec;^ll  from  figure  90 
that  the  eye  responds  differently  to  the  various 
colurs  in  white  light.  The  filters  reduce  the 
light  in  the  red  and  green  paths  to  equal  the 
amount  in  the  blue  path. 

lS-8.  The  additional  horizontal  astigmatism 
corrector.  D.  In  the  blue  light  path  is  used  to 
balance  all  three  light  paths  astigmatically. 
.Additional  correction  is  not  needed  in  the  green 
and  red  paths,  as  each  of  these  colors  passes 
through  additional  dichroic  mirrors. 

IS-^;.  Camera  tubes:  Camera  pickup  tubes 
used  for  color  production  are  usually  an  im- 
proved type  or  design.  The  most  commonly  used 
image  orthicon  is  an  improved  version  of  the 
tube  originally  designed  for  monochrome  use. 
.Since  the  color  signal  is  a  combination  of  the 
output  from  three  tubes,  the  output  from  the 
lubi's  must  be  uniform.  This  requires  a  pre- 
cision tube  with  an  i»utput  free  from  spurious 
signals. 

18-10.  Many  of  the  changes  made  to  improve 
(he  image  orthicon  tube  for  color  operation  are 
not  physically  perceptible:  however,  they  are 
evident  in  tube  performance.  Reduction  of 
screen-to-target  spacing  extends  the  contrast 
range  and  improves  the  signal-to-noise  ratio  be- 
low the  ''knee."  Closer  spacing  (from  three 
thousandths  to  one  thousandth  of  an  inch)  al- 
lows the  screen  to  collect  more  of  the  secondary 
electrons  from  the  target;  this  eliminates  ran- 
dom seci)nilary  redistribution  of  the  target 
electrons  and  minimizes  **ghost"  and  "halo" 
effects.  The  newer  tubes  are  much  more  sensi- 
tive iluc  to  the  liSe  of  an  improved  photocathode, 
nncrimiesii  screeii:.  and  dynode  coating  and  con- 
struction. 

18-11.  You  will  recall  that  with  the  mono- 
chrome tube  wc  operate  the  image  orthicon 
above  the  •'knee.**  For  color  operation,  how- 
ever, tile  image  orthicon  must  be  operated  at 


the  "knee"  to  give  a  more  uniform  signal  free 
from  spurious  signals. 

18-12.  The  newer  vidicon  is  also  of  an  im- 
proved design;  the  sensitivity  of  the  mosaic  or 
photosensitive  material  has  been  increased.  Pres- 
endy,  experiments  are  being  conducted  to  de- 
velop a  combination  tube  which  will  function 
much  the  same  as  a  vidicon  but  have  the  pickup 
sensitivity  of  an  image  orthicon. 

18-13.  Camera  Controls.  Color  camera  sys- 
tem controls  for  setup  and  adjustments  are  lo- 
cated on  both  the  camera  and  the  camera  con- 
trol panel.  Viewfinders  mounted  on  the  camera 
are  used  as  an  aid  in  camera  alignment.  After 
setup  and  adjustment  the  only  controls  that  "ire 
used  for  operation  are  those  located  on  the 
camera  control  panel. 

18-14.  Viewfinder  and  camera  mounted  con- 
trols. The  controls  for  adjustment  of  the  camera 
are  arranged  at  the  rear  of  the  camera,  whereas 
focus,  brightness,  and  contrast  adjustments  for 
the  viewfinder  kinescope  are  located  on  the 
viewfinder  panel.  A  series  of  pushbuttons  per- 
mits the  camera  operator  to  observe  a  mono- 
chrome image  of  a  single  channel  or  any  com- 
bination of  the  red,  blue,  and  green  channels. 
These  pushbuttons  are  located  on  the  viewfinder 
panel. 

18-15.  Controls  to  adjust  the  camera  include 
the  blue  and  red  skew  controls  and  Q  controls 
for  the  three  channels.  The  skew  controls  are 
used  to  adjust  to  one  rectangular  shape  the  blue 
and  red  images.  The  Q  controls  are  linearity 
adjustments.  Also  included  are  conventional 
height  and  width  controls  for  individual  and 
overall  adjustment  of  the  three  channels.  The 
color  camera  image  orthicon  has  a  dynode  gain 
control  for  each  tube;  this  control  is  not  found  on 
the  monochrome  camera.  These  controls  are 
located  on  the  pickup  tube  chassis. 

18-16.  There  are  video  preamplifiers  for  each 
of  the  pickup  tubes;  these  are  individual  units 
much  the  same  as  those  used  for  monochrome 
equipment.  These  preamplifiers  are  different 
from  monochrome  because  they  are  adjustable; 
one  stage  has  a  cathode  peaking  control  for  ad- 
justing tilt  at  the  low-frequency  end  of  the  re- 
sponse curve  and  another  stage  has  a  high  peak- 
ing adjustment  circuit. 

18-17.  Control  panel.  Mounted  on  the  cam- 
era control  panel  is  a  group  of  symmetrically 
arranged  operating  controls  for  each  of  the  three 
image  orthicons.  Colored  knobs  identify  ^  the 
controls  with  their  respective  channels.  The  in* 
dividual  channel  controls  include  horizontal  and 
vertical  centering  alignment,  orthicon  focus, 
multiplier  focus,  image  focus,  and  image  accel- 
erator voltage  settings  in  each  color  channel. 
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18-18.  The  master  gain  (iris)  and  master 
pedestal  controls,  both  of  v/hich  are  located  on 
the  camera  control  panel,  serve  as  the,  only 
operating  controls  once  the  camera  has  been 
aligned.  The  master  gain  control  operates  a 
selsyn  generator  which  drives  a  selsyn  motor  in 
the  camera  to  control  the  iris  in  the  optical 
system.  The  master  pedestal  controls  the  level 
of  pedestal  voltage  inserted  into  the  signal  at 
the  processing  amplifier. 

18-19.  ^ou  can  readily  see  by  comparison 
that  the  controls  of  a  monochrome  system  and 
their  functons  are  similar  to  those  in  the  color 
system.  However,  due  to  recent  developments 
and  improvements  in  tube,  component,  and  cir- 
cuit design,  there  may  be  slight  variations  in  the 
number  and  location  of  controls  for  color  cam- 
eras. 

18-20.  Processing  Amplifier.  Observe  in  figure 
94  that  the  processing  amplifier  is  connected  to 
the  caniera  control  panel,  sync  generator,  and 
colorplexer.  It  performs  a  number  of  important 
functions— those  accomplished  by  the  camera 
control  unit  in  a  monochrome  system  plus  sev- 
eral others.  Its  functions  can  be  itemized  as 
follows:  video  amplification,  cable  conpensa- 
tion,  shading  and  gamma  correction,  regenera- 
tion of  drive  pulses  and  blanking  pulses,  genera- 
tion  of  signals  for  test  purposes,  and  electronic 
switching.  The  networks  employed  for  these 
functions  are  essentially  video  amplifiers,  multi- 
vibrators, and  waveshaping  circuits  which  you 
have  studied.  Our  coverage  will  therefore  be 
confined  to  descnbing  the  inputs  and  outputs 
from  the  processing  amplifier  so  you  can  better 
understand  its  purpose  in  a  color  system. 

18-21.  Figure  94  shows  that  the  processing  ' 
amplifier  receives  three  inputs  from  the  sync 
generator— vertical  (V)  drive,  horizontal  (H) 
drive,  and  blanking  pulses.  Both  the  H  and  the 
V  drive  input  signals  separately  trigger  mul- 
tivibrators which  regenerate  the  H  and  V  drive 
pulses.  Thus,  the  pulse  widths  of  the  H  and  V 
drive  outputs  are  made  independent  of  the  origi- 
nal pulse  widths  supplied  by  the  sync  generator. 
Precision  components  are  used  to  maintain  H 
and  V  drive  pulse  widths  within  the  close  toler- 
ances required  for  the  color  system.  The  blank 
input  from  the  sync  generator  is  amplified  and 
clipped  before  it  is  fed  out  to  the  camera  control 
panel  as  a  standard  blanking  signal. 

18-22.  Note  that  the  Blue  (B),  Green  (G), 
and  Red  (R)  video  signals  are  received  by  the 
processing  amplifier  via  the  camera  control 
panel.  Just  as  in  a  monochrome  system,  shading 
corrections  must  be  made.  The  horizontal  and 
vertical  shading  generators  are  driven  by  the  H 
and  V  drive  pulses.  Besides  shading  corrections, 

104 


it  is  necessary  to  make  gamma  corrscgons.  Re- 
call that^  gamma  is  a  factor  thai  indicates  the 
relationship  of  brightness  variations  between  the 
original  scene  and  the  reproduced  Image.  Be- 
cause of  the  inherent  nonlinearity  in  u  system 
(principally  the  kinescope's  characteristics),  it 
is  necessary  to  incorporate  gamma  correcting 
amplifiers.  These  amplifiers  are  designed  to  pro- 
duce nonlinearity  which  is  the  inverse  of  that 
caused  by  the  rest  of  the  system.  When  ncces- 
sar>%  provision  is  also  made  to  compensate  for 
attenuation  and  distortion  caused  by  intercon- 
necting cables.    This  is  generally  done  with 
plug-in  units,  the  number  used  depending  upon 
the  lengths  of  the  cables  involved.  Although 
we  have  not  designated  the  B,  G,  and  R  signal 
outputs  differently,  bear  in  mind  that  they  are 
different  from  the  B,  G,  ^nd  R  inputs.  The 
outputs  are  corrected  video  signals.  These  sig- 
nals are  fed  to  the  colorplexer,  which  in  turn 
provides  another  input  to  the  processing  ampli- 
fier unit.   This  input  is  sent  to  an  electronic 
switcher  network,  which  is  used  in  conjunction 
with  the  monitoring  facilities.  We  sec  in  figure 
i  94  that  there  is  a  video  output  to  the  master 
monitor.  By  a  switch  arrangement,  it  is  possible 
to  monitor  the  B.  G,  R.  or  Y  signal  separately 
(monitors  will  be  discussed  in  the  next  section). 
It  is  also  possible  to  select  a  composite  of  the 
color  signals,  such  as  blue-green,  or  red-blue- 
green.    Moreover,  calibration  signals  can  be 
supplied  by  the  processing  amplifier  unit  to  the 
video  output  for  observation  on  the  master 
nrionitor.  So  you  see  that  the  processing  ampli- 
fier is  designed  to  provide  signals  for  checking 
pertinent  waveforms. 

18-23.  Sync  Generator.  In  Chapter  3,  Section 
8,  you  studied  the  standard  monochrome  sync 
generator.  Since  the  NTSC  color  system  is  com- 
patible, the  sync  generator  for  a  standard  mono- 
chrome system  can  be  used  to  supply  the  H  and 
V  blanking,  drive,  and  sync  signals  needed  for 
color.  We  just  pointed  out  that  improvement 
of  these  signals  (closer  pulse  width  tolerances) 
is  accomplished  by  the  processing  amplifier. 
You  know,  however,  that  a  3.58-mc  sync  (color 
burst  signal)  must  also  be  transmitted.  There- 
fore, two  additional  outputs  are  shown  in  figure 
94-.a  3.58-mc  carrier  (r-f  subcarrier)  and  a 
burst  flag  signal. 

18-24.  The  3.58-mc  (actually  3.579545  mc) 
signal  is  obtained  from  a  color  frequency  stand- 
ard generator.  This  generator  is  a  crystal-con- 
trolled oscillator  which  is  kept  in  a  temperature- 
regulated  oven.  The  oscillator  generates  a  highly 
stable  signal  (about  :t3  cps  per  mc)  for  the 
colorplexer  and  countdown  circuits  of  a  standard 
monochrome     sync     generator.     When  the 
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3I.4685-kc  (instead  of  31.5  kc)  is  counted 
down,  you  get  the  slightly  different  line  and 
field  frequencies  (15,734  cps  and  59.94  cps 
respectively). 

18-25.  A  burst  flag  generator  develops  a 
scries  of  rectangular  pulses  at  the  horizontal  line 
frequency.  These  pulses  arc  timed  to  place  the 
3.58-mc  burst  on  the  back  porch  of  the  horizon- 
tal blanking  pulse.  Because  this  is  done  in  the 
colorplexer  by  a  gating  (keying)  circuit,  the 
burst  flag  is  sent  from  the  sync  generator  unit  to 
the  colorplexer.  as  shown  in  figure  94.  It  stands 
to  reason  that  the  burst  flag  signal  must  be 
precisely  timed  and  locked  in  by  the  horizontal 
line  frequency  of  the  color  system.  Furthermore, 
the  width  of  the  burst  flag  pulse  permit  at  least 
eight  complete  cycles  (see  fig.  93)  of  3.58  mc. 

18-26.  Colorplexer.  The  functions  of  filtenng, 
phasing,  modulating,  and  mixing,  which  occur  in 
the  colorplexer  unit,  are  vital  to  the  operation  of 
an  NTSC  color  system.  It  is  therefore  essential 
that  you  understand  these  various  functions.  To 
identify  and  relate  them,  wc  can  use  to  advantage 
the  diagram  of  a  colorplexer  shown  in  figure 
96.  Note  that  inputs  are  received  from  the  pro- 
cessing amplifier  and  the  sync  generator.  The 
colorplexer  modifies  and  combines  these  inputs  to 
produce  a  composite  color  video  output.  This 
jutput  signal  contains  all  the  frequencies  neces- 
-jLty  to  •  transmit  luminance,  color,  sync,  and 


blanking  information  to  a  monitor  for  a  color  dis- 
play. Beginning  with  the  B,  G,  and  R  signal  in- 
puts, we  wUl  investigate  the  manner  in  which  the 
composite  color  video  output  is  obtained.  The 
facts  discussed  concerning  compatibility  and 
color  perception  underlie  the  design  and  opera- 
tion of  this  unit.  We  suggest,  therefore,  that  you 
review  these  facts  if  you  have  difficulty  follow- 
ing our  explanation.  We  will  not  attempt  to  delve 
into  the  mathematical  aspects  of  color  signal  for- 
mation since  this  is  not  necessary  to  convey  the 
principles  and  processes  involved.  A  detafled 
treatment  of  this  subject  can  be  found  in  TO 
31S4-1-1A  and  numerous  commercial  publica- 
tions. _  . 

18-27.  Matrix  and  filter  sections.  The  three 
inputs  from  the  processing  amplifier  are  the  pri- 
mary color  signals  that  originate  at  the  color 
camera.  These  signals  (B,  G,  and  R)  arc  applied 
to  the  matrix  section  of  the  colorplexer  (sec  fig. 
96).  This  section  combines  the  primary  color 
signals  to  produce  the  luminance  (Y)  signal  and 
two  color  signals  (I  and  Q).  This  is  done  by 
resistance  networks  and  phase  inverters.  In  fig- 
ure 97  we  have  illustrated  an  arrangement 
whereby  the  proper  proportions  and  polarities  of 
the  primary  color  signals  are  obtained-to  produce 
the  desired  Y,  I,  and  Q  outputs.  For  simplicity, 
let's  assume  that  the  color  camera  is  picking  up 
pure  white  light.  In  this  case,  the  B,  G,  and  R 
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Figure  97,    Colorplexer  matrix  circuits, 

signal  inputs  should  all  be  of  equal  amplitude. 
We  know,  however,  that  because  of  the  percep- 
tive characteristics  of  the  human  eye,  white  is  not 
seen  unless  the  proportions  of  the  primary  hues 
are  11  percent  blue,  59  percent  green,  and  30 


percent  red.  Since  Y  is  the  white  signal,  it  must 
have  these  proportions;  thus.  Y  =  .1 !»  +  .59G 
+  JOB  as  shown.   Note  how  this  is  accom- 
plished by  voltage  divider  circuits.  The  resistors 
connected  to  the  B.  G.  am!  R  lines  differ  in 
vaiue,  of  course:  so  the  proper  aniotmt  of  each 
signal  is  developed  acroi's  the  common  output 
resistor  Rl.  Similarly,  the  I  and  O  signals  arc 
developed  across  R2  and  R3.  respectively.  A 
difference  is  that  the  I  signal  has  two  ncgati^'c 
components  and  the  Q  signal  has  one.  Coiisc- 
quenily.  phase  inverters  are  placed  in  the  B  and 
G  divider  circuits  of  the  I  matrix,  and  in  the  G 
divider  circuit  of  the  0  matrix.  As  you  can  see. 
the  color  signals  arc  I  =   -.32B  -  .28G  4- 
.60R  and  O  =  .3 IB  -  .52G  4-  .21R.  Roth 
the  I  and  O  signals  are  zero  if  the  camera  is 
picking  up  pure  white  light  as  we  assumed.  For 
example,  suppose  the  B,  G,  and  R  inputs  to  the 
matrix  are  each  Iv  (equal  for  white  light).  Sub- 
stituting Iv  for  B.  G,  and  R  in  the  expression  for 
I  aftd  0.  we  get  I  =  0  and  0  ^  0.  However, 
if  any  colored  light  is  being  picked  up.  there  will 
be  an  I  or  O  signal  or  both. 

18-28.  The  I  color  signal  is  ohtaihai  for 
orangish  hues,  and  'he  O  color  signal  is  obtained 
for  bluish-red  (magenta)  hues.  We  should  men- 
tion here  that  I  and  0  can  have  a  negative  polar- 
ity. For  bluish-green  (cyan)  hues,  a  -I  signal  is 
obtained;  for  yellowish-green  hues,  a  -O  signal 
is  obtained.  Figure  98  shows  the  values  and  po- 
larities for  I  and  O  signals  of  fully  saturated  pri- 
mary and  secondary  colors. 
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Figure  98,    /  and  Q  signals  for  primary  and  secondary  colon, 
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Figure  100.    Vector  diagram  of  color  signals. 
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lationships  of  the  inputs.  Therefore,  the  I  modu- 
lator's output  contains  the  I  color  information  as 
sideband  frequencies.  Likewise,  the  Q  modula- 
tor's output  contains  the  Q  color  information  as 
sideband  frequencies.  Bear  in  mind,  however, 
that  modulated  I  and  Q  outputs  are  90^  out  of 
phase  with  each  other 

18-32.  Mixer  section.  Refer  again  to  figure 
96  and  note  the  inputs  to  the  mixer.  This  section 
combines  the  luminance,  color,  and  sync  infor- 
mation to  form  the  composite  color  video  output 
that  is  transmitted. 

18-33.  Figure  101  illustrates  the  signal  devel- 
opment for  the  indicated  color  elements.  High 
saturations  of  red,  blue,  green,  and  yellow  are 
considered  to  be  100-percent  sattorated  colors. 
Those  saturations  of  green  and  yellow  are  con- 
sidered as  50  percent  saturated  colors.  The 
shaded  areas  of  the  three  camera  signal  output 
waveforms  (B,  C,  and  D)  i^present  the  white 
component  of  the  SO  percent  saturated  green  and 
yellow. 


18-34.  By  applying  the  formula  Y  =  .30R 
+  .UB  +  .59G  to  all  three  camera  tube  output 
signals  for  any  one  color,  the  Y  signal  waveform 
at  E  will  be  developed.  When  applied  to  a  black- 
and-white  receiver,  this  video  waveform  will 
represent  the  brightness  charactristic  of  the  color 
elements  illustrated. 

18-35.  The  I  signal  is  developed  by  ^ippiying 
the  formula  I  =  .60R  +  .32B  -  .28G  to  the 
three  camera  signal  output  waveforms  for  any 
color  Similarly,  the  Q  signal  for  the  illustrated 
color  elements  can  be  developed  by  application  of 
the  formula,  Q  =  .21R  +  .31B  -  .52G.  The 
I  and  Q  signals,  combined  in  quadrature,  form 
the  chrominance  signal;  the  signal  phases  and 
amplitudes  for  the  illustrated  colors  are  indicated 
at  H.  The  high  saturation  of  green,  for  example, 
has  a  chrominance  signal  amplitude  of  .59  at  a 
certain  phase.  The  amplitude  and  phase  are  de- 
termined by  the  amplitudes  of  —I  and  —  Q  pro- 
duced for  the  green. 
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18-29.  From  the  matrix  section,  the  Y.  I,  and 
O  signals  go  to  a  filter  section.  Recall  that  the 
bandwidth  ^requirement  is  different  for  each  of 
these  signals  (refer  to  fig.  92).  We  explained 
earlier  that  the  bandwidths  are  based  on  the  eye  s 
color-detcctine  characteristics.  As  the  image 
becomes  smaller,  the  eye  fails  to  detect  color 
accurately  until  color  is  not  perceived  at  all. 
Thus,  color  signals  can  have  comparatively  nar- 
row video  bandwidths;  the  Q  signal  having  the 
narrowest,  from  0  to  500  kc.  Since  the  Q  signal 
is  delayed  most  by  its  filter,  it  is  necessary  to  in- 
sert an  additional  delay  following  the  I  filter  and 
even  more  delay  following  the  Y  filter  (see  fig. 
96).  It  is  important  that  these  delays  be  correct. 
Otherwise,  the  signal  relationships  will  not  be 
proper  and  color  distortion  results. 

18-30.  Modulator  section.  Observe  in  figure 
96  that  the  I  signal  is  fed  into  a  doubly  balanced 
modulator  which  has  a  3.58-mc  input.  The  same 
is  true  for  the  0  signal.  Note,  however,  that  the 
3.58-mc  input  to  the  Q  channel  is  delayed  90° 


more  than  the  3.58-mc  input  to  the  I  channel. 
Note  also  that  the  3.58-mc  is  received,  via  an 
adjustable  phase  shifter  and  SV  delay,  from  the 
syric  generator.  The  adjustable  phase  shifter  cir- 
cuit makes  it  possible  to  align  the  3.58-mc  input 
to  the  standard  reference,  which  is  shown  in  fig- 
ure 99  as  0°.  This  figure  Ulustrates  the  phase 
relationships  of  the  I  and  Q  signals  to  the  color 
carrier  and  to  each  other.  The  outline  of  the 
chromaticity  diagram  and  the  FCC  color  triangle 
are  shown  so  that  you  can  see  the  range  of  hues 
and  saturations  that  are  encompassed  by  the  I 
and  Q  signals.  A  more  complete  vector  diagram 
is  shown  in  figure  100.  This  diagram  can  be  cor- 
related with  figure  98  and  also  with  figure  99. 

18-31.  We  mentioned  previously  that  the  I 
and  Q  signals  are  each  sent  to  a  doubly  balanced 
modulator.  This  type  of  modulator  develops  an 
amplitude-modulated  output  that  contains 
neither  of  the  input  signals.-Jhe  output  does 
nonetheless  contain  the  sideban^^equencies 
which  depend  upon  the  amplitude  and  phase  re- 
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Figure  99.    Position  of  I  and  Q  vectors  on  chromaticity  diagram. 
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18-36.  Note  that  the  pale  iircen  chroniinnncc 
subcarrier  vector  has  not  changed  in  phase  frori 
the  highly  saturated  green,  but  is  merely  reduced 
in  amplitude  in  order  to  convey  the  effect  of  re- 
duced saturation.  Comparison  of  the  chromi- 
nance signal  envelopes  for  the  two  saturations  of 
green  al  I  show  the  amplitude  difference  due  to 
saturation  change.  When  combined  with  the 
brightness  signal  at  J,  however,  the  two  composite 
signal  waveforms  have  little  total  difference  in 
amplitude  for  the  two  greens,  but  the  brightness 
component  of  the  low  saturation  cn  green  is 
greater  than  that  for  high  saturation  of  the  same 
color.  Note  that  the  chrominance  signal  changes 
phase  as  hue  changes,  and  amplitude  varies  as 
saturation  v:;ries.  Ai:  ol.rominance  signal  ampli- 
tude is  reduced  for  the  same  hue,  the  correspond- 
ing brightness  signal  will  increase. 

18-37.  Figure  102  indicates  the  video  modu- 
lation for  one  horizontal  scanning  line  containins 
fully  saturated  primary  and  secondary  color  bars. 
The  figures  at  the  left  of  the  chart  indicate  per- 
centages of  modulation.  The  brightness  signal  for 
each  bar  is  the  a-c  axis  of  each  chrominance  sig- 
nal, forming  the  stairstep  pattern  from  black  to 


while.  The  video  sv.'ing  from  biack  to  white  is 
shown  at  it^  rria.ximum  tolerance.  with*white  at 
lO-pcrcen:  modulation.  This  provides  a  contrast 
ri:nge  from  7()-perccnt  moduhitiun  to  lO-pcrccnt 
modulation,  or  60  pcrccni  ot  the  lotal  modulation 
envelope.  Slack,  then,  represents  0  percent  ivf 
this  60-perccnt  range.  The  brightness  siunal  fur 
the  colors,  from  left  to  right,  represents  the  fol- 
lowing percentages  of  this  60-percenl  range 
contrast:  blue,  11  percent;  red.  30  percent,  ma- 
genta, 41  percent;  green.  59  percent;  cyan.  70 
percent;  yellow,  89  percent;  white  IO(J  percent. 
The  green,  cyan,  and  yellow  chrominance  signaK 
overshoot  zero  modulation,  wilh  yellow  repre- 
senting maximum  modulation  ovcrshou:  .Since 
fully  saturated  colors  are  rarci>  telecast,  how- 
ever this  condition  is  unlikely  to  occur. 

18-38.  The  inputs  from  the  sync  geneiator  are 
added  in  the  mixer  section.  Figure  102  shows 
the  presence  of  the  horizontal  blank.  horizont;il 
sync,  and  color  sync  burst.  Remember  that  the 
sync  signal  input  also  includes  the  pulses  for  ver- 
cal  blank  and  sync.  These  pulses  have  the  same 
waveforms  as  those  for  the  standard  monochrome 
signal.  The  horizontal  sync  pulses  occurring  dur- 
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B.   SINGLE-INPUT  COLOR  MONITOR 
Figure  m.    DiiiHrams  showing  the  video  channels     color  rwnitors. 


ing  vertical  blanking  time  will  each  be  followed 
bv  a  color  sync  burst.  This,  of  course,  insures 
color  synchronization  before  the  vertical  blank 
terminates  and  the  picture  begins. 

19.  Color  Monitors 

19-1.  Color  monitoring  equipment  can  be  di- 
vided into  two  classes:  (a)  three-input  monitors 
for  viewing  the  color  signals  as  they  leave  the 
camcri  chain  and  (b)  single-input  monitors  for 
viewing  the  composite  color  signal  from  the 
colorpkxcr  or.  in  the  case  of  closed-circuit  sys- 
tems, fur  use  as  receivers  at  remote  points.  Figure 
103. A.  is  a  simplified  block  diagram  of  a  three- 
mpul  monitor.  As  is  apparent  from  the  block 
diagram,  these  monitors  consist  of  three  identical 
vkIco  amplifiers  (one  for  each  of  the  red.  green, 
and  blue  channels).  Of  course,  deflection  and 
convergence  circuitry,  a  tricolor  kinescope,  and  a 
power  supply  arc  used.  This  type  is  generally 
considcr^d  as  test  equipment.  Figure  103,B.  is 


the  simplified  block  diagram  of  a  typical  single- 
input  color  monitor  of  the  type  generally  used  as 
remote  receivers  in  closed-circuit  systems.  This 
type  of  monitor  is  designed  for  continuous  oper- 
ation and  uses  circuits  that  are  adaptable  as 
closed-circuit  system  receivers  where  severe  op- 
erating conditions  are  a  factor. 

19-2.  Figure  103  does  not  show  circuits  or 
features  common  to  a  monochrome  monitor. 
Such  functions  as  sync  separation,  scanning,  and 
d-c  restoration  are  accomplished  in  the  same 
ways  iox  color  monitors  as  for  monochrome  types. 
The  three-input  color  monitor  amounts  to  three 
video  channels,  one  for  each  primary  color  sig- 
nal. The  single  input  monitor,  however,  incor- 
porates a  number  of  features  that  are  unique.  We 
will  therefore  give  our  attention  to  this  latter 
type  monitor.  Moreover,  we  will  describe  the  de- 
modulation and  matrixing  method  that  is  em- 
ployed to  attain  maximum  color  fidelity  in  a 
compatible  system  (see  fig.  104). 
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.  .  19-3.  Lumifinnce  Section,  Although  the  jum- 
inance  section  corresponds  to  the  video  sectio;:  of 
a  monochrome  monitor,  there  is  a  difference  thai 

^'is  shown  in  figure  104.  The  Y  delay  unit  is 
placed  in  this  section  so  that  the  luminance  sig- 
nal will  have  the  proper  time  rejationship  with 
the  chrominance  signal  when  it  arrives  at  the 
matrix  section.  The  Y  delay  must  be  equal  to 
the  delay  caused  by  the  chrominance  bandpass 
filter  in  the  demodulation  section.  This  is  impor- 
tant since,  as  we  mentioned  earlier,  incorrect 
time  relationships  will  cause  color  distortion. 

19-4.  Preceding  the  second  video  amplifier  is 
a  brightness  control  (not  shown),  which  is  used 
to  adjust  the  d-c  reference  and  thus  the  overall 
picture  luminance.  A  contrast  control  is  located 
in  the  video  output  stage  just  as  in  a  monochrome 
monitor. 

19-5.  Burst  Control  Oscillator  Section.  Before 
.  the  chrominance  signals  can  be  detected,  it's 
necessary  to  reinsert  the  3.58-mc  color  reference 
signals.  A  3.58-mc  signal  is  generated  in  the 
burst  control  oscillator  section  by  an  afc  crystal 
oscillator.   Since  the  locally  generated  3.58-mc 


siiinal  lias  to  be  synchronized  lu  flic  'transmiilcr's 
color  carrier  let's  refer  to  figure  104 'and  discuss 
lunv  this  is  donr:. 

1^-6.  TliL-  input  lo  the  burst  amplifier  comes 
trom  the  first  video  amplifier.  Observe  that 
there  is  another  input  to  this  section  which  goes 
to  a  keyer  circuit.  The  keycr  is  triggered  hy  a 
pulse  from  the  horizontal  output  stage.  Such  an 
arrangement  acti\ates  the  burst  amplifier  so  that 
it  pases  the  color  burst  sync  to  the  pha.se  detec- 
tor. The  other  input  to  the  phase  detector  is  sup- 
plied by  the  local  3.5S-mc  oscillator.  .As  you 
know,  the  phase  dcicctor  produces  a  d-e  poicn- 
tial  (error  voltage)  if  the  inputs  differ  in  phase. 
The  error  voltage  is  applied  to  a  reactance  con- 
trol circuit  (such  as  a  reactance  tube  amplifier 
or  varicap  semiconductor  diode),  which  reuu- 
lates  the  oscillator  frequency.  Thus,  the  3..^X- 
mc  oscillator  output  is  kept  in  pha.sc  with  the 
3.58-me  color  burst  sync  signal. 

19-7.  To  establish  the  proper  phase  relation- 
ships for  demodulating  the  I  and  0  siiinals,  the 
3.58-mc  signal  is  delavcd  90^  before^  reaching 
the  0  demodulator.  We  will  discuss  shortly  whv 
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this  makes  it  possible  to  detect  the  I  and  Q  signals 
separately. 

19-8.  Another  output  from  this  section  is  de- 
rived from  the  phase  dete.nor  and  applied  to  the 
color  killer.  Like  the  error  voltage,  this  output 
is  a  d-c  potential.  It  is  used  to  effectively  block 
the  video  input  to  the  chrominance  demodulator 
section. 

19-9.  Chrominance  Demodulator  Section.  Re- 
ferring to  figure  104.  you  see  that  the  video  input 
to  the  chrominance  demodulators  goes  first  to 
the  bandpass  amplifier.  Another  input  to  this 
amplifier  comes  from  the  color  killer.  The  color 
killer  is  nothing  more  than  an  amplifier  that 
gates  the  bandpass  amplifier  when  a  color  video 
signal  is  received.  On  the  other  hand,  the  color 
killer  biases  the  bandpass  amplifier  to  cut  off 
when  a  monochrome  signal  is  received.  The  op- 
eration of  the  color  killer  is  dependent  upon  the 
d-c  potential  developed  by  the  phase  detector.  If 
a  color  video  is  present,  there  is  a  color  burst 
sync  signal  applied  to  the  phase  detector,  and  a 
d-c  output  voltage  to  the  color  killer  is  produced. 
Thus,  the  color  killer  only  gates  the  bandpass 
amplifier  when  color  burst  sync  is  detected.  Since 
a  monochrome  video  signal  does  not  have  the 
color  burst  sync,  the  burst  is  not  detected  and 
the  color  killer  cuts  off  the  bandpass  amplifier. 
Simply  stated,  the  color  killer  kills  color  when  a 
monochrome  signal  is  received.  It  prevents  color 
noise  from  appearing  in  the  black-and-white  dis- 
play. 

19-10.  For  a  color  signal  input,  the  bandpass 
amplifier  filters  and  boosts  the  gain  of  the  chro- 
minance signal  which  is  sent  to  the  I  and  Q  de- 
modulators. These  are  synchronous  demodula- 
tors. This  type  of  demodulator  is  phase  selective. 
It  functions  much  like  an  electronic  switch,  de- 
tecting the  amplitude  of  one  input  at  the  peak  of 
the  other  input.  For  example,  the  I  demodulator 
detects  the  amplitude  of  the  input  chrominance 
signal  each  time  the  input  3.58-mc  signal  reaches 
its  peak.  Since  the  3.58-mc  signal  is  in  phase 
with  the  3.58-mc  reference  color  carrier,  this  de- 
modulator detects  the  amplitude  of  only  the  I 
(in  phase)  component.  In  other  words,  the  3.58- 
mc  carrier  is  reinserted  so  that  only  the  I  color 
information  is  detected.  To  obtain  the  Q  color 
signal,  it  is  necessary  to  reinsert  the  3.58-mc 
signal  in  quadrature  (90°  out  of  phase)  with 
the  reference  signal.  In  figure  104;  note  that  the 
3.58-mc  input  is  delayed  90°  before  reaching  the 
Q  demodulator.  Consequently,  the  Q  demodula- 
tor detects  the  amplitude  of  the  Q  (quadrature) 
component  of  the  chrominance  signal.  By  this 
technique,  it  is  therefore  possible  to  extract 
separately  the  I  and  Q  color  information  from  the 
chrominance  signal. 


19-11.  The  outputs  of  both  the  I  arid  Q  de- 
modulators are  sent  to  phase  splitter  amplifiers. 
This  is  done  because  +1  and  —I  as  well  as. 
+  Q  and  —  Q  signals  are  needed  to  develop  the. 
primary  B,  G,  and  R  signals  within  the  matrix: 
section. 

19-12.  Matrix  Section.  The  matrix  section* 
combines  the  inputs  from  the  chrominance*  de- 
modulator section  (+1,  —I,  +Q,  and  —  Q  sig^ 
nals)  with  the  Y  signals  from  the  luminance  sec- 
tion in  the  proportions  required  to  produce  B,  Gj 
and  R  signals.  Figure  105  illustrates  the  resis- 
tance network  that  can  be  employed  to  combine 
the  prescribed  amount  of  each  input.  Note  in 
figure  104  that  the  —I  (cyan)  signal  is  applied 
to  the  blue  matrix  and  the  green  .matrix,  whereas 
the  +1  (orange)  signal  is  applied  to  the  red  ma-^' 
trix.  Also,  the  —  Q  (yellowish-green)  signal  is 
applied  to  the  green  matrix,  whereas  the  +Q 
(magenta)  signal  is  applied  to  the  blue  matrix 
and  the  red  matrix.  ITie  algebraic  expressions^ 
given  in  figure  105  for  the  B,  G,  and  R  signals' 
specify  the  polarities  and  amounts  of  the  Y,  I, 
and  Q  signals  that  comprise  the  output  of  each 
matrix. 

19-13.  Obviously,  the  resistance  matrix  net- 
works are  similar  to  those  described  when  we 
covered  the  colorplexer.   It  should  be  pointed, 
out,  however,  that  the  B  and  G  outputs  are  made 
adjustable.  This  is  done  so  that  these  outputs 
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can  be  adjusted  to  compensate  for  the  luminance 
differences  of  the  three  phosphors  in  tiie  cri- 
color  kinescope.  Since  the  red  ph9sphor  pro- 
duces the  lowest  luminance,  the.  red  output  is 
ordinarily  the  fixed  reference  to  which  the  blue 
and  green  outputs  are  adjusted.  This  is  com- 
monly referred  to  as  the  temperature  adjustment. 
Color  temperature  describes  the  color  quality  of 
light.  The  **hotter"  the  color  temperature,  the 
whiter  the  light;  the  **colder'*  the  color  tem- 
perature, the  yellower  the  light.  As  you  would 
expect,  the  adjustments  are  made  to  produce 
hot  light  (white  as  possible)  for  a  white  test 
signal.  More  will  be  said  about  these  adjust- 
ments later. 

19-14.  The  output  from  each  matrix  is  ampli- 
fied to  the  level  needed  to  drive  the  tricolor 
kinescope.  D-c  restoration  is  accomplished  se- 
parately for  the  B,  G,  and  R  signal  outputs  since 
they  differ  when  color  video  is  received.  The 
amplifiers  and  d-c  restorers  are  shown  in  figure 
104  to  be  units  within  the  matrix  section.  The 
outputs  from  this  section  are  coupled  directly  to 
the  grids  of  the  tricolor  kinescope.  * 

19-15.  Tricolor  Kinescope.  The  principal  parts 
of  the  tricolor  kinescope  are  illustrated  in  figure 
106.  In  the  same  figure  there  is  an  enlarged 
view  of  the  phosphor  dot  viewing  screen,  the 
shadow  mask,  and  the  three-electron  gun  as- 
sembly. This  is  inclosed  by  the  glass  envelope 


r-.nd  external  shield.  When  you  know  the  tricolor 
kinescope  construction,  you  will  rndcrftand  why 
aiignment  and  adjustment  of  the  three  beams  is 
critical. 

19-16.  Phosphor  dot  viewing  screen.  The 
•  phosphor  dot  viewing  screen  will  be  referred  to 
from  here  on  as  the  color  screen.  Anioung  the 
fundamental  distinctions  betv/een  the  color  tube 
and  the  monochrome  tube  is  the  difference  in 
phosphor  materials.  In  monochrome  a  uni- 
form phosphor  coating  is  used;  however,  tiic 
color  screen  (sec  fig.  106)  is  composed  of  an 
orderly  array  of  small  closely  spaced  phosphor 
dots.  These  dots  arc  arranged  in  triangular 
groups,  or  trios,  accurately  deposited  in  inter- 
laced positions  on  a  glass  surface.  Each  trio  of 
dots  re  --esenls  the  three  primary  colors — blue, 
green,  J  red.  Although  the  color  dots  arc 
separate,  they  are  close  enough  to  meet  resolu- 
tion requirements  by  glowing  their  respective 
colors  when  bombarded  by  electrons.  The 
brightness  of  each  dot  depends  on  the  strength 
of  the  electron  beam  striking  that  dot. 

1^-17.  Shadow  mask.  The  shadow  mask 
(see  fig.  106)  is  a  thin  metal  pl^e  of  super- 
nickel  alloy  located  between  the  phosphor  dot 
screen  and  the  electron  gun  assembly.  It  has 
approximately  the  same  curvature  as  the  color 
screen;  the  monochrome  tube  does  not  have  a 
comparable  element.    The  shadow  mask  has 
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Figure  106.    Tricolor  kinescope. 
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several  thousand  holes,  one  for  each  trio  of 
phosphor  dots.  These  holes  are  spaced  and  the 
hole  edges  arc  beveled  so  that  an  equal  hole  is 
presented  to  the  beam  for  any  angle  of  beam 
deflection.  Thus,  the  shadow  mask  provides 
color  separation  by  shadowing  two  of  the  three 
dots  from  two  of  the  three  electron  beams  while 
exposing  the  proper  dot  to  bombardment  by 
the  correct  beam.  Therefore,  three  beams  from 
the  three  guns  converge  at  the  hole  in  the 
mask,  the  beams  pass  through  the  hole,  diverge, 
and  strike  the  respective  red,  green,  and  blue 
phosphor  dots. 

19-18.  Electron  gun.  The  three-gun  assem- 
bly, shown  in  figure  106,  is  made  as  one  unit 
and  is  mounted  in  the  neck  of  ^e  picture  tube. 
The  three  electron  guns  are  approximately  par-  . 
allel  to  each  other  with  a  very  slight  tilt  toward 
the  central  axis  of  the  tube.  The  guns  are  120** 
apart  and  are  so  sinf||Jl  in  diameter  that  the 
slight  tilt  causes  the  imree  beams  to  converge  at 
the  shadow  mask.  Some  static  convergence 
correction  will  be  necessary  for  final  adjustment. 

19-19.  Each  of  the  three  guns  consists  of  a 
filament^  a  cathode,  control  grid«  accelerator 
grid,  focusing  anode,  and  ultor  anode.  The  ultor 
is  the  electrode  in  the  gun  to  which  is  applied 
the  highest  voltage  prior  to  deflection.  The 
highest  voltage  in  the  tube  is  applied  to  the 
aquadog  coating. 

19-20.  Glass  envelope  and  external  shield. 
The  glass  envelope  (sec  fig.  106)  of  the  color 
kinescope  is  the  same  as  for  the  monochrome, 
with  the  possible  exception  of  shape.  The  shape 
of  the  color  tube  is  changed  to  accommodate  the 
shadow  mask  and  the  three  electron  gun  as- 
sembly. This  means  the  front  is  extended 
slightly  for  the  shadow  mask,  and  the  neck  of 
the  tube  is  larger  in  diameter  for  the  electron 
gun  assembly.  The  neck  of  the  color  tube  is 
longer  to  accommodate  the  accessories  which 
include  the  convergence  assembly,  blue  lateral 
magnet,  purifying  magnet,  color  equalizer  as- 
sembly, and  deflecting  yoke. 

19-21.  The  metal  shield  placed  around  the 
bell  portion  of  the  tube  shields  the  electron  beam 
from  stray  magnetic  fields.  In  some  monitors 
that  have  metal  cabinets,  the  shield  is  not  nec- 
essary. In  the  early  versions  of  this  tube,  the 
shield  was  an  internal  part  of  the  tube.  This 
improvement  over  the  early  models  is  indicative 
of  the  trend  in  refinements  of  color  kinescopes; 
doubtless,  there  will  be  many  more. 

19-22.  Maihteiiance  Requirements.  The  main- 
tenance requirements  for  color  monitors  are 
necessarily  more  involved  than  those  of  mono- 
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chrome  monitors.  Alignment  and  adjustment 
procedures  are  provided  by  the  manufacturer  of 
a  specific  color  set.  Because  of  the  similarities 
in  the  basic  design  of  monochrome  and  color 
TV  monitors,  adjustments  such  as  height,  width, 
Imearity,  etc.,  are  practically  the  same.  These 
adjustments  were  discussed  in  Chapter  5;  there- 
fore, we  will  consider  only  important  adjust- 
ments peculiar  to  the  color  monitor  in  the  follow- 
ing paragraphs. 

19^23.  Smce  equipment  design  varies,  we  will 
cover  only  those  hmctions  common  to  color 
TV  monitors  in  general.  For  a  more  extensive 
coverage  of  this  area,  you  can  refer  to  TO 
3W^141.  T 

19-24.  Convergence.  Two  types  of  control, 
static  and  dynamic,  are  develofjed  in  the  con- 
vergence circuits  of  a  color  TV  monitor.  Static 
convergance  is  a  steady  control.  It  is  accom- 
plished with  a  d-c  voltage  to  cause  convergence 
in  the  center  portion  of  the  display.  By  con- 
trast, dynamic  convergence  is  a  varying  control. 
It  is  accomplished  with  a  parabolic  voltage 
which  primarily  affects  the  outer  edges  of  the 
display.  The  combination  of  these  two  control 
voltages  is  used  to  align  each  electron  beam 
with  its  respective  series  of  phosphor  dots.  When 
all  three  electron  beams  are  properly  aligned,  a 
white  trace  should  be  produced  on  the  face  of 
the  kinescope. 

19-25.  A  simple  observation  can  be  made  to 
determine  whether  static  and  dynamic  conver- 
gence adjustments  are  proper.  With  video  in- 
formation applied  to  the  monitor,  examine  the 
edges  of  the  objects.  If  you  can  distinguish  one 
or  more  definite  colors,  convergence  needs  ad- 
justment. 

19-26.  Purity  adjustments.  Purity  describes 
the  accuracy  with  which  an  individual  electron 
beam  strikes  its  own  series  of  phosphor  dots. 
When  an  electron  beam  overlaps .  its  dots  and 
partially  strikes  the  dots  of  another  color,  hues 
of  colors  are  noticeable.  An  examination  of  the 
outer  edges  of  the  kinescope  will  divulge  any 
color  impurities.  Purity  adjustments  will  be  nec- 
essary if  color  hues  are  apparent. 

19-27.  Temperature  adjustments.  Tempera- 
ture denotes  the  correct  combination  and  in- 
tensity of  colors  from  the  matrix  system  to  pro- 
duce a  white  balance,  hot  light  Deflects  in 
temperature  adjustment  can  be  readily  detected 
on  the  face  of  the  kinescope.  By  rotating  the 
brightness  control  through  its  ^fuU  range,  deter-^ 
mine  if  the  background  changes  to  any  color  hue 
or  range  of  hues.  Should  the  background 
change,  temperature  adjustments  will  be  neces- 
sary 
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Foldout  1. 

Figure  A.  Solid  state  symbols. 

Figure  B.  Doped  semiconductor  crystals. 

Figure  C.  P-n  junction. 

Figure  D.  Biased  junctions. 

Figure  E.  Voltage-current  characteristics. 

Figure  F.  Simultaneous  application  of  forward 

and  reverse  bias. 
Figure  G.  Forward  bias  current  flow. 
Figure  H.  Transistor  configurations  and  equivalent 

tube  circuits. 
Figure  I.  Unijunction  transistor. 
Figure  J.  Silicon  controlled  rectifier. 
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STUDY  REFERENCE  GUIDE 

1.  Use  this  Guide  as  a  Study  Aid.  It  emphasizes  all  important  study  areas  of  this  volume. 

2.  Use  the  Guide  as  you  complete  the  Volume  Review  Exercise  and  for  Review  after  Feedback 
on  the  Results.  After  each  item  number  on  your  VRE  is  a  three  digit  number  in  parenthesis. 
That  number  corresponds  to  the  Guide  Number  in  this  Study  Reference  Guide  which  shows 
you  where  the  answer  to  that  VRE  item  can  be  found  in  the  text.  When  answering  the  items  m 
your  VRE,  refer  to  the  areas  in  the  text  indicated  by  these  Guide  Numbers.  The  VRE  results 
will  be  sent  to  you  on  a  postcard  which  will  list  the  actual  VRE  items  you  missed.  Go  to  your  VRE 
booklet  and  locate  the  Guide  Number  for  each  item  missed.  List  these  Guide  Numbers.  Then  go 
back  to  your  textbook  and  carefully  review  the  areas  covered  by  these  Guide  Numbers.  Review  the 
entire  VRE  again  before  you  lake  the  closed-book  Course  Examination. 

3  Use  the  Guide  for  Follow-up  after  vou  complete  the  Course  Examination.  The  CE  results  will 
be  sent  to  you  on  a  postcard  which  will  indicate  "Satisfactory"  or  "Unsatisfactory"  completion. 
The  card  wUl  list  Guide  Numbers  relating  to  the  questions  missed.  Locate  these  numbers  m  the 
Guide  and  draw  a  line  under  the  Guide  Number,  topic,  and  reference.  Review  these  areas  to 
insure  your  mastery  of  the  course. 


Guide 

Number      Guide  Numbers  100  through  123 

100  Your  Career  Field  and  Specialty,  pages  1-5 

101  TV  in  the  Air  Force:  General;  Mission  of 
Department  of  Defense;  Mission  of  Mainte- 
nance Unit;  Adv?.ntages  of  Television;  In- 
struction, pages  5-9 

102  TV  in  the  Air  Force:  Security;  Traffic  Con- 
trol; Surveillance;  Weather  Service;  Haz- 
ardous Monitoring;  Command  Assignments, 
pages  9-13 

103  TV  Systems,  pages  13-16 

104  Introduction  to  Power  Supplies;  Power  Re- 
quirements; Low-Voltage  Power  S^pplies; 
Genf^ral;  Rectifier  Arrangements  and 
Characteristics,  pages  17-21 

105  Low  Voltage  Power  Supplies:  Voltage  Reg- 
ulators, pages  21-27 

106  Low  Voltage  Power  Supplies:  Constant- 
Current  Regulators;  Symptoms  and  Trou- 
bles; High-Voltage  Power  Supplies:  Gen- 
eral; Voltage  Multipliers,  pages  27-31 

107  High  Voltage  Power  Supplies:  Pulse  and 
Oscillator  Types;  Symptoms  and  Troubles, 
pages  31-33 

108  Introduction  to  Sync  Generators;  Noninter- 
lace  Sync  Generators,  pages  34-36 

109  Interlace  Sync  Generators:  Requirements 
for  Interlace;  Random  Interlace  Type, 
pages  36-43 


Guide 
Number 

110  Interlace  Sync  Generators:  Standard  Inter- 
lace Type,  pages  43-48 

111  Introduction  to  the  Camera  Chain;  Cam- 
eras; Image  Orthicon  Cameras,  pages  49-57 

112  Camera  Control;  Switchers  and  Video  Am- 
plifiers:  General;  Switches,  pages  57-62 

113  Switches  and  Video  Amplifiers:  Video  Am- 
plifiers, pages  62-65 

114  Introduction  to.  Monitoring  Facilities;  Mon- 
itors, pages  66-73 

115  Master  Monitor,  pages  73-77 

116  Introduction  to  the  Audio  System;  Micro- 
phones, pages  78-83 

117  Audio  Amplifiers:  General;  General  Char- 
acteristics; Preamplifiers,  pages  83-88 

118  Audio  Amplifiers:  Driver  and  Power  Am- 
plifiers, pages  88-92 

1 19  Audio  Consoles,  pages  92-95 

120  Introduction  to  Color  Television;  Applica- 
tions and  Requirements,  pages  96-101 

121  The  Camera  Chain:  Cameras;  Camera 
Controls;  Processing  Amplifier,  pages  101- 
104 

122  The  Camera  Chain:  Sync  Generator;  Col- 
orplexer,  pages  104-111 

123  Color  Monitors,  pages  111-115 
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6.  Explain  thermal  runaway.  (4-12) 


7.  What  happens  to  the  barrier  potential  when 
reverse  bias  is  applied?  (4-13) 


CHAPTER  REVIEW  EXERCISES 

J.  In  solid  state  symbols,  what  do  the  arrow- 
heads indicate?  (4-9) 


8.  What  is  the  result  of  applying  an  a-c  signal 
to  a  diode?  (4-14) 


2.  What  is  the  conductivity  of  a  material  de- 
pendent upon?  (4-10) 


9.  What  is  the  main  difference  between  a  nor- 
mal diode  and  a  Zener  diode?  (4-15) 


3.  Why  are  impurities  added  to  semiconductor 
material?  (4-10) 


10.  How  is  a  power  gain  achieved  in  a  transistor? 
(4-16) 


4.  Why  is  the  depletion  region  represented  by  a 
battery?  (4-11) 


1 1.  In  which  direction  is  a  base-collector  junction 
normally  bnised?  (4-17) 


5.  What  is  the  polarity  arrangement  of  the  ex- 
ternal battery  and  barrier  potential  for  for- 
ward bins?  (4-12) 


12.  What  is  the  polarity  of  the  emitter  and  col- 
lector with  respect  to  the  base  in  a  forward 
biased  n-p-n  transistor?  (4-17) 
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13,    What  do  the  letters  designate  in  transistor  configuation  titles?  (4-18) 

14 •    How  is  the  common  emitter  amplification  factor  represented?  (4-19) 

15 •    What  determines  whether  a  unijunction  is  conducting  at  a  high-  or 
low-level  state?  (4-21) 

16,  What  is  the  value  of  anode  voltage  required  to  trigger  an  SCR  called? 
(4-22) 

17.  How  can  the  forward  breakover  point  be  controlled?  (4-23) 


MODIFICATIONS 

Page  3  of  this  publication  has  been  deleted  in  adapting  this  material 
for  inclusion  in  the  "Trial  Implementation  of  a  Model  System  to  Provide 
Military  Curriculum  Materials  for  Use  in  Vocational  and  Technical  Education." 
Deleted  material  involves  extensive  use  of  military  forms,  procedures, 
systems,  etc.  and  was  not  considered  appropriate  for  use  in  vocational  and 
technical  education. 
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CHAPTER  2 


Objectives:  To  demonstrate  (I)  knowledges  in 
power  supply  requirements  for  TV  systems  and 
(2)  skill  in  troubieshooting  these  systems. 

1.  Three  major  factors  that  will  affect  the 
power  supplies  needed  for  a  TV  system  are: 
(1)  the  of  equipment. .  (2)  the 


 of  the  equipment,  and  ( 3  )  the 

within  a  particular  equipment.  (4-3) 


Match  the  most  appropriate  power  Nupp!\ 
requirement  in  Column  B  to  the  compo- 
nents in  Column  A  by  writing  the  alplia- 
betical   dcsiiznator  in   the  blank.   1 4-4  -c. ) 


Calnmn  A 

1 .  Camera 
tube. 

2.  .  Picture 

tube. 

3.  .  .  Receiver 

tube. 

4.  .  Transistor. 


Cnlunm  B 
ci.  Reuulaied  3(H)\. 
h.  Regulated  400  ma. 
r.   Unreizulatcci  IT.OOtK 
i!.  Urircgulalcd  5\ . 
(•    RciZulated  1  5v 


PAGES  282  &  283  ARE  MISSING  DUE  TO  MISNUMBERING. 
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3.  Identify  the  three  basic  low-voltage  rectifier 
circuits.  (5-2) 


If  the  effective  secondary  voltage  is  200 
volts  a-c  at  60  cps,  the  approximate  out- 
put of  a  full-wave  bridge  rectifier  will  be 

  d-c  volts  with  a   -cps  ripple 

frequency.  The  diodes  must  withstand  a 

peak-inverse  voltage  of  about  volts. 

(5-3;  Fig.  10) 


9.  If  the  voltage  adjust  shown  in  figure  18  is 
moved  downward,  what  will  happen  to  the 
positive  potentials  at  the  following  points? 
( A  ns we r :  increase,  decrease ,  no  change ) 
(5-30-33) 

fl.  Base  of  Q2  

b.  Emitter  of  Q4  

c.  Collector  of  04  

Base  of  Q3  

e.  Collector  of  Q3  

/.  Base  of  07  


5.  What  is  :he  ripple  frequency  of  any  three- 
phase  full-wave  rectifier?  (5-4;  10;  Fig.  13) 


10.  As  a  result  of  an  output  load  current  in- 
crease in  switching  regulator  circuit  (fig. 
19).  transistor  Q  conducts  (more,  less), 
gate  pulses  are  (advanced,  delayed),  and 
•  the  conduction  time  of  the  SCR's  is  (in- 
creased, decreased).  (5-35-37) 


6.  If  load  current  decreases  for  the  regulator 
circuit  shown  in  figure  I6.A.  what  will  hap- 
pen to  the  current  through:  (1)  the  tran- 
sistor and  (2)  the  series  resistor?  (5-15) 


1 1.  When  the  output  adjust  R2  in  figure  22  is 
moved  upward,  transistor  Q2  conducts 
(more,  less),  thereby  causing  an  (increased, 
decreased)  regulated  current  to  be  delivered 
to  the  load.  (5-41) 


7.  If  the  input  unregulated  vo'tage  V,,  in  fig- 
ure I7.B.  increases,  what  will  happen  to  the 
forward  bias  applied  to  the  transistor  and 
why?  (5-23.  24) 


8.  For  the  circuit  shown  in  figure  I7.C,  an  ad- 
justment upward  on  /?3  causes  Q2  to  con- 
duct (more,  less);  thus  the  drop  across  Q\ 
will  (increase,  decrease)  and  V\x  will  (in- 
crease, decrease).  (5-25-28;  Fig.  17) 


Using  the  circuit  of  figure  9,C,  match  the 
symptoms  with  the  most  probable  trouble. 
(5-42-46) 


Symptoms 

Trouble 

a. 

Reduced  output. 

_  1. 

Open  rectifier. 

no  overheating 

_  2. 

Shorted  rec- 

60-cycle ripple. 

tifier. 

b. 

Reduced  output. 

_  3. 

Open  ca- 

120-cycle ripple. 

pacitor. 

c. 

Reduced  output. 

_  4. 

Leaking  ca- 

heat, 60-cyclc 

pacitor. 

ripple. 

_  5. 

Open  trans- 

d. 

No  output. 

former. 

5  23^ 
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13.  The  conventional  voliogc  doubles  shown  in 
figure  23  has  a  sinusoidal  voltage  across  itb 
secondary  of  400  volts  rms  at  500  cps. 
Determine  the  following:  (6-5.  6) 


a.  Output  voltage   

mately). 

b.  PIV  on  diodes  

r.  Charge  per  capacitor 

(approximately). 
d.  Ripple  frequency  


d-c  volts  (approxi- 


cps. 


d-c  volts 


age  tends  to  increase,  indicate  wiiether  the 
vu^tage  becomes  more  positive,  less  posiiive, 
more  negative,  less  negative,  or  remains 
the  same  at  the  following  points :  ( 6- 
2U23) 

a.  Plate  of  V.?  III  

b.  Plate  of  V4  

c\  Suppressor  grid  of  V/  . 

d.  Screen  grid  of  V/   

c.  Control  grid  of  V/    . 

/.   Ungrounded  side  of  C.^        .   .  . 


14.  If  a  peak  voltage  input  of  150  volts  is  ap- 
plied to  the  cascade  multiplier  circuit  in  fig- 
ure 25,A,  the  d-c  voltage  at  point  c  is  

volts  and  at  point  f  is    volts.  (6-12) 


19.   When  the  voltage  adjust  in  figure  27. B.  is 
moved  toward  ground,  the  conduction  tunc 

of  Q\   How  does  this  affect  the 

output?  Is  the  firing  frequency  of  the 
SCR  affected?  (6-24-2?") 


15.  The  cascade  multiplier  circuit  shown  in  fig- 
ure 25.B,  draws  input  current  only  on  the 
 alternation.  6-13) 


It  is  reported  to  you  that  the  picture  and 
raster  on  a  monitor  suddenly  disappear.  .Af- 
ter making  all  visual  checks  and  everything 
{filaments,  fuses,  and  connections),  looks 
normal  what  check  is  made  next?  (6-30. 
31) 


3 


16.  State  two  advantages  of  a  flyback  HV  sys- 
tem. (6-17,  19)  " 


17.  Sketch  a  flyback  HV  system  having  a  boost 
voltage  developed  from  a  secondard  wind- 
ing. (6-17) 


21.  Suppose  the  HV  of  figure  27. A.  is  unstable 
and  higher  than  normal.  What  compo- 
nent (s  )  under  what  condition ( s )  Wi)uld 
give  these  symptoms?  (6-34.  35) 


0 

.18.   Referring  to  the  HV  regulator  circuit  shown 

in  figure  27. A,  and  assuminj.'  the  load  volt-  29 S 
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CHAPTER  3 


Objectives;  (1)  Dcmonsirate  knowledges  of  the 
opcr;iiii>n.  adjusimeni  and  repair  of  sync  gcnera- 
lors  and  (2)  exercise  skill  in  ihc  use  of  sche- 
matic diagrams. 

I.  Name  three  basic  sections  of  a  simple  non- 
interlace  sync  generator.  (7-2) 


2.  Stale  why  there  is  no  need  for  a  tie-in  be- 
tween the  vertical  oscillator  and  horizontal 
oscillator  in  a  noninterlace  system.  (7-3) 


7.  The    


section,  shown  in 


figure  30.  narrows  the  vertical  pulse  for 
vertical  sync.  (7-7) 


For  the  multiple-pulse  sync  system  de- 
scribed, the  833-7sec  horizontal  sync  pulse 

is  developed  by  the   ^  section  from  a 

horizontal  pulse  of.  about   -ysec  dura- 
tion. (7-8.  9) 


3.  What  sections  supply  the  inputs  to  the 
blanking  mixer  of  the  simple  noninterlace 
sync  generator?  (7-2.  3) 


9.   Indicate  whether  the  sections  shown  in  fig- 
ure 30  depend  upon  the  vertical  oscillator 
(vo),  horizontal  oscillator  (ho),  both,  or 
neither  for  proper  operation.  (7-7-10) 
iu  Blanking  mixer  

b.  Vertical  drive  

c.  Squarer  and  peaker  

d.  Sync  mixer .  — . 

e.  Horizontal  blank  


4.  What  outputs  does  the  horizontal  oscillator 
provide  in  a  simple  noninterlace  system? 

.  (7-4) 

10.  Sketch  the  waveforms  ot  blanking  mix  and 
sync  mix  showing  their  time  relationships. 
(7;  Fig.  31) 

5.  In  the  simple  noninterlace  sync  system  of 
figure  29,  adjustments  for  a  distorted  verti- 
cal scan  can  be  made  in  the  • 

section.  (7-5) 


6  What  is  the  purpose  of  a  squarer  and 
peaker  section  in  the  multiple-pulse  nonin- 
terlace sync  generator?  (7-7) 


II.  If  the  vertical  blanking  pulse  is  850  ysec 
longer  than  vertical  sync,  how  many  16-7-*' 
kc  horizontal  syncs  will  appear  during  ver- 
tical blank?  (7-9) 


12.   If  the  vertical  blanking  and  drive  pulses  of 
the  multiple-pulse  noninterlace  sync  geiicra- 


ERIC 


294 


tor  (fig.  30)  are  too  wide,  what  section      \0    m«.,.  .      u  . 

needs  adjusting  first?  (7-10,  11)  ^'^'''''ty  °f  ^  blocking  osciila- 

tor  counter  be  improved?  (8-7*) 


pulses  of  the  mixed  blanking  output  are  too  ' 
narrow,   but  H  drive   is   normal?  Why? 


21.   Referring  to  figure  35.  what  is  the  cathode 
potential  when,  plate  current  is  cut  off  (8- 

14.  Why  must  the  ratio  of  horizontal  to  vertical 
scan  m  an  interlace  system  be  constant? 


2..   Draw  and  label  the  block  diauram  of  a 
raridom  mterlace  sync  generator  havinc  afc 
15.   The  standard  lines  per  field  for  interlace  ^"^  crystal  control.  (8-13) 

m  this  country  arc  (8-2) 


23.  What  will  result  if  the  time  difference  be- 
tween the  last  horizontal  pulse  and  the  ver- 

16.   Identify  four  basic  sections  of  an  interlace  H  nnH'T.u'""''  /,'  "  '"''"^  °^  alternately 

sync  generator.  (8-3)  "        ^-^^  «  illustrated  in  figure  37'^  (8- 


17.   The  525:1  counter  section  divides  fhe  mr.      id    tu  u 

pulses  to  obtain  .   sy^and  Ln?  JrVi!"T°^  durine  ver- 

timing.  (8-4)  '"'^  ^'"""^  'ca   blanking  can  cause  random  inte'riacc 

I  a- 1 6,  24) 


18. 


List  three  commonly  used  counting  circuits.      25.   For  calibration  of  counters  usin.  the  .o 
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26.  In  what  order  should  you  calibrate  the 
counters  in  a  counter  chain?  Why?  (8-21) 


and  the  .  edge  of  the  first  serration 

is  set  to  equal  O.SH.  (8-26) 


27.  Match  the  signals  identified  in  Column  B 
to  the  function  stated  in  Column  A.  (8- 
24-27) 

Column  A  Column  B 

  I .  Maintains  proper       a.  Equalizing 

horizontal  sync  pulse, 
during  vertical  sync    b,  Serrating 
time.  pulse. 

  2.  Insures  precise  tim-    c.  3H  pulse. 

ing  of  the  vertical       d.  Horizontal 
scan.  sync. 

  3.  Maintains  proper 

horizontal  sync  im- 
mediately before 
and  after  vertical 
sync. 

  4.  Provides  vertical 

sync. 


29.  What  is  the  function  of  the  notching  section? 
How  would  you  know  when  it  is  inopera- 
tive? (8-29) 


30.  Why  is  the  9H  section  needed  to  form  the 
standard  sync  waveform?  (8-31) 


31.  Refer  to  the  block  diagram  (fig.  41, A)  and 
determine  in  which  section (s)  there  is  prob- 
ably trouble  if  five  equalizing  pulses  records 
precede  vertical  sync  and  seven  follow; 
everything  else  is  normal.  (8-33;  Fig.  41) 


28.  The  time  between  the  start  of  vertical  sync 


CHAPTER  4 


Objectives:  (1)  To  demonstrate  knowledges  of 
the  function  and  operation  of  the  vidicon  and 
image  orthicon  cameras  and  (2)  to  show  skill 
in  the  care,  troubleshooting,  and  repair  of  the 
camera  chain  elements. 


3.  State  the  purpose  of  the  electron  gun.  (9- 
3.  4) 


1.  Give  the  dimensions  for  the  standard  vidi- 
con tube.    inch(es)  in  diameter  and 

 inch(es)  long.  (9-3) 


A  bright  image  focused  on  the  mosaic  of  a 
vidicon  for  a  long  period  will  cause  an  im- 
age   (9-5) 


'l.  Sketch  a  vidicon  tube  and  indicate  the  face- 
plate, signal  output  terminal,  and  electron       5.  It  (is.  is  not)  necessary  to  have  a  lens  in 
gun.  (9-3;  Fig.  42)  place  on  a  vidicon  camera  to  make  initial 

beam  adjustment.  (9-7) 
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6.  What  equipment  and  conditions  arc  neces-  low-light  level  studio,  which  camera  .vould  ^ 

sary  when  making  final  adjustments  on  a  you  choose?  (9-17)  '  ^7 

vidicon  camera  to  obtain  the  best  picture 
definition?  (9-8) 


7.  Sketch  a  block  diagram  of  a  vidicon  camera 
showing  the  pickup  and  amplifier  stages  and 
show  waveform(s)  at  lest  pointsf  (9-9; 
Figs.  43  and  44) 


8.  Sketch  an  image  orthicon  tube  and  name 
major  elements.  (9-11;  Fig.  45) 


9.  State  the  major  construction  difference (s) 
between  an  image  orthicon  and  a  vidicon 
camera  lube.  (9-11,  12) 


a. 


b. 


13.  Write  in  the  blanks  preceding  the  lolluwinii 
statements  the  camera  pickup  tube  pre- 
ferred or  is  best  described  by  the  statement. 
This  will  be  either  a  vidicon  or  imat'e  orthi- 
con. (9-17) 

 Operating  cost  is  apprt'»x- 

imately  $0,10  per  hour. 

  Average  oufpur  signal  level 

is  approximat  50  milli- 
volts. 

  Output  signal  level  is  stable 

over  a  wide  rani^e  of  light 
levels. 

  Inherent  lube  noiso  limits 

the  signal-to-noise  ratio. 

 Fast-moving  objects  cause 

picture  smear. 

  Requires  simpler  c::?crnai 

circuitry,  therefore  smaller 
cameras. 


d 


f. 


10.  Image  electrons  are  accelerated  from  the 

10  photocathode  to  the  where  they 

cause  secondary  emission.  (9-11) 


14.   The  proper  installation  of  the  blower  bel- 
lows will  insure  proper  as  air  flow 

will  not  be  impaired.  (9-21) 


11.  To  set  an  10  tube 

damage  to  the  

falling  in  the  tube.  (9-15) 


on  its  face  may  cause 
due  to  loose  particles 


15.  Suppose  you  are  setting  up  an  10  camera 
and  you  notice  that  the  target  voltage  needs 
adjusting.  What  is  the  source  of  target  volt- 
age and  where  is  it  adjusted?  (9-23.  25) 


16.  Sketch  a  block  diagram  and  show  the 
waveforms  of  the  horizontal  section  of  an 
10  camera.  (90S;  Fig.  47) 

12.   If  you  were  to  choose  between  a  vidicon  ^ 
and  an  image  orthicon  camera  to  use  in  a 
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What  basic  stages  comprise  each  of  the 
fallowing  sections?  (12-8;  Fig.  59) 

a.  Video. 

b.  Sync. 

c.  Vertical. 

d.  Horizontal. 


10.  What  two  controls  affect  the  height  of  the 
picture?  (12-17) 


Match  the  signal  described  in  Column  B 
to  the  circuit  in  which  it  is  found  in  Column 
A  by  placing  the  alphabetical  designator  of 
Column  B  in  the  blanks  provided  in  Column 
A.  (  12-13-24) 


Column  A 

Column  B 

I. 

,  DC  restorer. 

a. 

60-cps  sawtooth. 

2 

  Horizontal 

b. 

15,750  pps. 

oscillator. 

c. 

Clamped  video 

3. 

_  Damper. 

composite. 

4.  . 

—  Afc. 

d. 

d-c  boost. 

5. 

Vertical  oscilla- 

e. 

Differentiated 

tor. 

sync. 

f. 

60-pps  blanking. 

11.   Blanking  at  60  pps  is  developed  from  the 

 stage  of  figure  60.  (12- 

18) 


12.  If  the  horizontal  oscillator  tended  to  in- 
crease in  frequency,  how  would  the  afc 
prevent  it?  (12-20) 


13.  Besides  frequency,  what  is  a  noteworthy 
difference  between  the  horizontal  and  ver- 
tical oscillator?  (12-22) 


Bricflv  explain  how  the  sync  sienals  are 

separated  by  03  in  figure  60.  (12-14)  14.   What  control  sets  the  frequency  of  the  hor- 

izontal oscillator?  Where  is  it  located  in 
figure  60?  (12-22) 


The  vertical  sync  is  separated  from  the 

horizontal  bv  means  of  a/an  cir-      15.   What  circuits  in  figure  60  could  not  function 

cuit  (P-16)  properly  if  transistor  QlO  failed?  (12-23, 

24) 


In  figure  60.  the  picture  height  is  adjusted      16.   If  corner  shadowing  of  the  picture  is  evi- 

at  the  output  of  the   I   ^lent,  what  adjustntfent  should  be  made? 

(12-16)  (12-28) 
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17.  Why  arc  numerous  video  amplifiers  used      21.  How  is  sweep  expa   '     acconipiishcd^  n 

in  a  master  monitor?  (13-3)  jO)  r  •  .  j 


1 8.  How  does  the  horizontal  oscillator  frequency 
control  in  a  master  monitor  differ  from  that 
in  a  receiver  picture  monitor?  (13-5) 


22.  Using  the  block  diagram  m  figure  63.  iv.iWch 
the  probable  trouble  in  Column  B  Mih 
the  abnormal  display  described  in  Column 
A  by  vvriiing  the  alphatical  dcsignator>  ot 
Column  B  in  the  blanks  in  Column  A 
(13-14-18) 


Column  A 


19.  Why  is  a  separate  high-voltage  power  sup- 
ply used  in  a  master  monitor?  (13-5) 


20.  The  waveform  monitor  has  a  horizontal 

sweep  selection  of    cps  for  observing 

the  vertical  pulse  waveforms  and    cps 

for  observing  the  horizontal  pulse  wave- 
forms. (13-9) 


Column  B 


1.  —  Black  a.  Horizu  ntal  i^bciiLior 

raster.  failure. 

2.  —  White  ver-  b.  Caihodc-iu-grid  sIkh! 

tical  line.         in  kinescope. 

3.  —  insufficient  c.  Gassy  CRT. 

height.  d.  Weak  vertical  ouipui 

4.  Top  half  amplifier. 

white.  e.  High-voU:iiie  tailurc. 

bottom 

half  black. 
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CHAPTER  6 


Objectives:  (1)  To  apply  knowledge  of  the  per- 
formance characteristics  of  the  different  types 
of  microphones;  (2)  to  identify  the  functions 
of  an  audio  control  console  and  audio  amplifier; 
(3)  to  diagnose  troubles  from  given  symptoms 
by  use  of  schematic  diagrams. 

1 .   List  the  four  common  types  of  microphones. 
(14-1) 


Column  A 

.  Uses  carbon  grain.s  a> 
a  variable  resistance. 
Makes  use  of  flexini; 
bimorph  unit  to  gen- 
erate a-c. 

It  has  a  Ci)il  made  of 
thin  metal  ribbon  at- 
tached to  the 
diaphragm. 
Ii  has  two  electrode's, 
one  flexing  and  one 
riiiid. 


Cnlu 


C  arhoi. 
Cr\M.il 
CapaciitW 


Match  the  type  of  microphone  in  Column 

B  to  the  description  which  describes  it.  best  ^ 
in  Column  A  by  writing  the  alphabetical  ^ 
designators  of  Column  B  in  the  blanks  pro-  O  q  j 

vided  in  Coiumn  A.  (14-3,  9.  1 4  and  16) 


14 


When  vlv^nsing  a  micropiionc  on  ilic  basis 
one  hasine  ihc  best  frequency  nxtidc. 
•Ahieh  of  the  four  major  types  would  be 
ivsi.'  I  14-18) 


9.  The  -         amplifier  gives  the  highest 

voltage  gains.  ( 15-6) 


Suppose  yv)u  have  a  studio  situation  in 
uiiiwli  a  pol\ directional  microphone  is  pick- 
ing up  side' noise.  What  adjustment  would 
\o\x  mukc  t-   eliminate  this?  (14-19) 


K).    I  he  amplifier  gives  the  highcbl 

power  gains.  ( 15-6) 


Match  the  tube  configuration  listed  in  Col- 
umn B  to  the  transistor  configuration  in 
C*(^lumn  A  b\  writing  the  alphabetical  des- 
luiiators  of  Column  B  in  the  blanks  pro- 
vided :n  Cuiumn  .A.  <  15-2) 


CE. 
CB. 
CC. 


Column  B 

a.  Cathode  follower. 

b.  Grounded  cathode, 
e.  Grounded  grid. 

d.  Phase  splitter. 


1  I.  With  regard  to  input  impedance  in  the  audio 
range,  identify  the  amplifier  listed  in  Col- 
umn B  and  match  it  to  the  characteristic 
described  in  Column  A  by  writing  the  alpha- 
betical designators  of  Column  B  in  the 
blanks  provided  in  Colunm  A.  ( 15-7) 


3.   


C(tltinin  A 
Highest  impedance. 
Lowest  impedence. 
Most  frequency 
dependent. 


a.  CC. 

b.  CE. 

c.  CB. 


12.  The  noise  factor  of  a  transistor  varies  (in- 
versely,  directly)   with  frequency   in  the 
BncfK  compare  tubes  and   -ansistors  with  audio'range,  f  15-1 1) 

regard  to  coupling.  :.ain,  and  noise.  (15- 

V  6.  and  9:  Fic.  ^G.  .\)  *  * 


L\uii:  figure  74,  determine  the  voltage,  cur- 
rent, and  power  gain  for  a  CE  amplifier 
!r,uini:  a  lOK  load  resistance.*  ( 1 5-6) 


13.  What  are  the  distinctive  features  of  each 
of  the  following:  preamplifier,  driver,  and 
power  amplifier?  (15-8,  20-23) 


14.  Whv  can  higher  efficiency  and  better  fi- 

y,,^.   amplifier  gives  the  highest  delity  be  attained  with  push-puM  operation? 

currert  gains.  (15-6)  '  (15-23) 


15  '3U  J 


a.  Maximum  efficiency  

b.  Maximum  fidelity  L 


High  efficiency  and  fidelity  


16.  In  tigure  83.  if  class  A  operation  to  b. 
adjusted  to  class  AB.  would  vou  increase 
or  decrease  R?  Whv?  (15-28)  ' 


20.   The  program  director  calls  you  'o  sas  tlicie 
is  some  background  hum  in  ius  hc.rjvci 
What  would  you  check  first?  (  16-12  » 


21.   The  output  for  program  audio  is  set  lor  :\ 
given  level  on  the    ,         .  ( 16-14) 

List  the  major  functional  units  which  arc  a 
part  of  the  audio  console.  (16-2) 


.   Mixing  action  is  accomplished  by  adjustiiiv: 
the    of  tile  various  inputs  to  ac- 

complish a  composite  output  of  the  desired 
balance.  (16-6) 


22.  Use  the  block  diagram  in  figure  SX  .md 
determine  the  most  probable  stjurce  ol  trou- 
ble. Microphone  number  3  is  in  operatinn 
on  stage  and  rjcroplione  numbers  1  :nid  2 
on  the  floor:  the  control  room  operator  sa\b 
ihat  he  is  picking  up  static  wnen  ho  a>k> 
for  a  signal  boost  from  the  st.ige  micro- 
phone. The  floor  microphones  are  ine 
plenty  of  signal  and  no  static.  (  KviS/iO)^ 


CHAPTER  7 


Objectives:  (1)  To  test  understanding  of  the 
principles  and  requirements  of  color  TV:  (2) 
To  identify  features  of  a  color  camera;  (3)  to 
demonstrate  skill  in  the  adjustment  and  aliiin- 
meni  of  a  color  camera;  and  (4)  to  demonstrate 
knowledge  in  the  maintenance  and  troubleshoot- 
ing  of  a  color  monitor. 


The   sensation   oi  colors,   other   th;in  ilio 
prinuiries.  is  achieved  ni  color  T\'  b\  mixim: 
various  proportions  of  ;nKl 
.  (  17-10) 


For  observing  enemy  terrain,  a  uood  choice 
would  be  TV  because  ^it  can  bet- 
ter reveal  any  ^  areas.  n7-6)  " 


Identify  the  properties  of  color  that  nuusi 
be  transmitted  to  achieve  color  i\k-\h\    t  I 
1 4  I  „ 


4.  The  NTSC  color  broadcasting  system  re- 
quires which  of  the  following?  (Check  those 
required.)  (17-15-19^ 

a.    Compatibility  of  color  and  mono- 
chrome. 

b.   Color  to  use  a  wider  bandwidth. 

c.    Color  and  monochrome  both  use 

AM. 

d.    Chrominance  information  to  be 

interleaved  with  monochrome. 

e.   Color  and  monochrome  to  use  the 

same  sync  waveforms  but  different 
frequencies. 

f.    The  color  carrier  to  be  suppressed 

prior  to  transmission. 


Z94 


9.  List  some  of  the  major  differences  between 
the  monochrome  and  color  cameras.  (18-2) 


10.  Why  is  it  necessary  to  divide  the  light  spec- 
trum in  the  optical  system  of  a  color  cam- 
era? (18-3) 


When  televising  a  detailed  weather  map, 
what  can  be  done  to  improve  color  per- 
ception? (17-17) 


1 1 .  What  would  possibly  happen  if  the  optical 
orbiter  were  not  operating?  (18-4) 


12.  Which  filter (s)  are  used  to  balance  the 
light  on  the  camera  pickup  tubes.  (18-7) 


What  units  are  found  in  a  color  camera 
chain  that  are  not  used  in  a  monochrome 
camera  chain?  (17-21) 


13.  List  some  of  the  improvements  made  in 
image  orthicons  used  for  color  operations. 
(18-10) 


7.  List  five  requirements  of  an  NTSC  color 
system  that  are  additional  to  those  of  a 
standard  monochrome  system,  (17-21) 


14.  Indicate  what  controls  on  the  camera,  the 
viewfinder,  and  the  camera  control  panel 
make  a  color  system  easily  distinguishable 
from  monochrome  systems.  (18-13-19) 


Draw  a  block  diagram  of  the  NTSC  camera 
chain.  (18-1;  Fig.  94) 


15.  What  camera  adjustments  are  made  to  cor- 
rect the  shape  of  the  red  image  to  make  it 
the  same  shape  as  the  green  image?  (18-15) 
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16.  The  image  orthicon  tube  provides  signal 
amplification  in  addition  to  its  prime  func- 
tion. How  can  the  color  camera  10  be  ad- 
justed? (18-15) 


21.  The  burst  flag  pulses  are  timed  to  place  the 

  sync  on  the  back  porch  of  the 

horizontal  pulse.  (18-25) 


17.  State  the  basic  difference  (s)  in  the  pream- 
plifiers used  in  monochrome  and  color  10 
cameras?  (18-16) 


22.  Match  the  frequency  listed  in  Column  B 
to  the  signal  identified  in  Column  A  by 
writing  the  alphabetical  designators  of  Col- 
umn B  in  the  blanks  provided  in  Column 
A.  (18-23-25) 


18.  Name  the  functions  performed  by  the  pro- 
cessing amplifier  in  a  color  camera  chain. 
(18-20) 


Column 

1.   

2.   

3.   


Color  carrier. 
Burst  flag. 
H-drive. 


Column  B 
a.  59.94  cps. 


31.47  kc. 
3.58  mc. 
60  cps. 


19. 


From  what  equipment  listed  in  Column  B 
does  the  processing  amplifier  obtain  the 
inputs  specified  in  Colunm  A.  Specify  by 
writing  the  alphabetical  designators  of  Col- 
umn B  in  the  blanks  provided  in  Column 
A.  (18-21,22) 


20. 


Column  A 

1.         H-drive.  a. 

2.         Composite  b. 

video.  c. 

3.  B,  G,  and  R  d. 

signals. 


Column  B 
Color  camera. 
Control  panel. 
Sync  generator. 
Colorplexer. 


How  do  the  line  and  field  frequencies  es- 
tablished in  the  sync  generator  section  of  an 
NTSC  color  system  compare  with  those  of 
a  standard  monochrome  system?  (18-24) 


23.  Draw  a  block  diagram  of  a  NTSC  color- 
plexer. (18-26;  Fig.  96) 


24.  The  color  signals  that  are  used  for  modu- 
lation are  designated  and  ; 


25. 


each  is  obtained  from  a 


(18-27) 


Match  the  hue  listed  in  Column  B  to  the 
signal  identified  in  Column  A  by  writing 
the  alphabetical  designators  of  Column  B 
in  the  blanks  provided  in  Column  A.  (18- 
27,  28) 


Column  B 

a.  White. 

b.  Red. 

c.  Cyan. 

d.  Magenta. 

e.  Orange. 

f.  Yellowish-green. 
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26.  Why  are  the  Y  and  I  signals  additionally 
delaved?  (18-29) 


33..  The  d-c  voltage  applied  to  control  the  color 

killer  is  developed  by  the  

(19-8) 


27.  The  I  modulated  signal  is 


desrees 


out  of  phase  with  the  reference  carrier  and 

the  Q  modulated  signal  is    degrees 

out  of  phase  with  the  I  modulated  signal. 
(18-30,  31) 


34.  The  color  killer  cuts  off  the  

when  a  -  signal  is  received.  (19-9) 


28.  What  information  is  contained  in  the  output 
siunal  from  the  mixer  of  a  colorplexer? 
(18-32) 


35.  The  I  and  Q  signals  are  detected  by 
demodulators.  (19-10) 


29.  The  chrominance  signal  changes  phase  as 

'    *   changes  and  varies  in  amplitude  as 

 varies.  (18-36) 


36.  Why   are  phase  splitters   needed   in  the 
chrominance  demodulator  section?  (19-11) 


c 


30.  What  sections  are  essentially  different  for 
a  single-input  color  monitor  as  compared 
to  a  three-input  type?  (19-1,  2i  Fig.  103) 


37.  Color  temperature  is  adjusted  by  means  of 

a  potentiometer  in  the  and  

matrix.  (19-13) 


31. 


The  luminance  section  of  a  NTSC  color 
monitor  corresponds  to  the    section 


of  a  standard  monochrome  monitor.  (19-3) 


32. 


Draw  a  block  diagram  of  the  burst  control 
oscillator  section  of  a  NTSC  color  monitor, 
(19-5) 


38.  Match  the  items  in  Column  A  to  a  func- 
tion(s)  in  Column  B  by  writing  the  nu- 
merical designators  of  (Tolumn  A  in  the 
blanks  provided  in  Column  B.  (19-15-21) 
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Column  A 

Phosphor 

dot. 

Trios. 

Shadow 

mask. 

Hole  in 

mask. 

Three-gun 

assembly. 


a,  


b.  _ 


d. 


Column  B 
One  of  three  that 
glows  a  specific 
color. 

Triangular  group 
that  will  glow  with 
three  colors. 
.  Shields  the  screen 

from  stray  electrons. 
-  Permits  passage  of 


Column  A 
6.  External 
shield. 


Column  B 
the  converged 
beams. 

Provides  three  elec- 
tron beams. 
Provides  protection 
from  stray  magnetic 
fields. 


39.  Hew  can  you  determine  if  con\cri:jncc. 
purity,  or  temperature  adjustment^  jre  ikv- 
essarv?  (  19-22-27 ) 


1 
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ANSWERS  FOR  CHAPTER  REVIEW 
EXERCISES 

!.  I  hc  direction  of  conventional  current  flow. 
(4-9) 

2.  The  number  of  free  electrons  available  in  the 

material.  (4-10) 
?.  To  increase  the  conductivity  to  a  wanted 

value.  (4-10) 

4.  The  region  is  an  electric  field  or  difference 
of  potential.  (4-1 1 ) 

5.  The  polarities  are  arranged  so  that  the  po- 
tentials are  in  series  and  aiding.  (4-12) 

6.  Heat  generated  by  current  flow  causes  a  de- 
crease in  resistance  and  a  further  increase  in 
current.  This  will  continue  until  the  device 
is  destroyed.  (4-12) 

7.  The  barrier  potential  will  increase  to  equal 
the  reverse  bias  potential.  (4-13) 

X.  Rectification.  (4-14) 

9.  Breakdown  in  the  reverse  direction  does  not 
destroy  the  Zener  device.  (4-15) 

1 0.  Signal  input  to  the  forward  biased  or  low  re- 
sistance section  is  transferred  to  a  reverse 
biased  or  high  resistance  clement.  (4-16) 

11.  Normally  reverse  biased.  (4-17) 

12.  The  emitter  is  negative  with  respect  to  the 
base.  The  collector  is  positive  with  respect  to 
the  base.  (4-17) 

13.  The  C  stands  for  common,  the  second  letter 
indicates  the  emitter,  base,  or  collector.  (4- 
IH) 

14.  Beta,  p.  or  hf,.  (4-19) 

15.  Whether  the  p-n  junction  is  forward  or  re- 
verse biased.  (4-21 ) 

16.  Forw;;rd  breakover  voltage.  (4-22) 

17.  A  gale  current  increase  will  lower  the  anode 
voltage  value  required  for  breakover.  (4-23) 
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7. 


Chapter  2 

Types,  complexity,  components.  (4-3) 

1.  b. 

2.  c. 

3.  a. 

4.  e. 
(4-4-6) 

Half-wave,  full-wave  center-tap.  and  full- 
wave  bridee.  (5-2) 
280v.  120"  cps.  280v.  (5-3;  Fig.  10) 
Six  times  the  input  line  frequency;  thus.  60 
cps  would  produce  a  360-cps  ripple.  (5-4. 
10;  Fig.  13) 

( 1 )  The  transistor  current  increases. 

(2)  The  current   through   the   series  re- 
sistor remains  constant.  (5-15) 

Forward  bias  decreases  because  the  emitter 
voltage  becomes  more  positive;  therefore,  it 
approaches  the  base  positive  voltage  which 
is  held  constant  by  the  Zener  diode.  (5- 
23.  24) 
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decrease,  increase.   (5-25-28;  Fin. 


C-.  560.   d.  1000.  f6- 


8.  More. 
17) 

9.  a.  Increase. 

b.  Decrease. 

c.  No  change. 

d.  Decrease. 

e.  Decrease. 

f.  Decrease, 
(5-30-33) 

10.  Less,  advanced,  increased.  (5-35-37) 

11.  Less,  decreased.  (5-41) 

12.  a.  1. 

b.  4. 

c.  2. 

d.  5. 

(5-42-46) 

13.  a.  1120.   b.  1120. 
5,  6) 

14.  450,  900.  (6-^12) 

15.  Positive.  (6-13) 

16.  Easy  filtering  and  dependency  on  horizon- 
tal output.  (6-17,  19) 

17.  Check  your  sketch  with  figure  26,A.  (6- 
17) 

18.  fl.  Less  negative. 
b.  Less  positive. 

c*.  Remains  the  same. 

d.  Less  positive. 

e.  Less  negative. 

/.  Remains  the  same  (practically). 
(6-17) 

Increases.  The  HV  becomes  more  positive. 
No,  because  gating  frequency  is  unaffected 
(6-24-27) 

20.  Check  the  resistor  in  the  hieh-voltage  lead 
(6-30.  31) 

21.  II  V A  has  an  open  plate,  cathode,  or  fila- 
ment, the  screen  grid  voltage  of  V\  will 
increase,  giving  high  amplitude  output.  This 
higher  output  will  not  be  sensed  and  cor- 
rected because  VA  is  open.  (6-34,  35) 
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4. 

5. 
6. 


Chapter  3 

Vertical  oscillator,  horizontal  oscillator,  and 
blanking  mixer.  (7-2) 

Frequency  shifts  between  the  vertical  oscil- 
lator and  horizontal  oscillator  will  not  ordi- 
narily affect  the  operation  of  a  noninter- 
lace  system  to  a  noticeable  degree.  (7-3) 
Vertical  oscillator  and  horizontal  oscillator. 
(7-2,  3) 

Horizontal  sync,  blank,  and  scan:  also  high- 
voltage  excitation.  (7-4) 
Vertical  oscillator.  (7-5) 
To  provide  sharp  pulses  to  precisely  syn- 
chronize the  vertical  oscillator  to  the  60- 
cps  line  frequency.  (7-7) 


10 

II. 

12. 


13 


14 


15 

16, 


17. 
18. 


20. 


23. 


V':rrtical  dri'.'e  shaper.  n-7) 
Morizontal  drive  siiaper.  1666.  (f-S.  9) 
«  Both. 

b.  Vo. 

c.  Neither. 

d.  Both. 

e.  Ho. 
(7-7-10) 

Check  your  sketch  with  figure   3 !     1 7 
Fig.  31) 
.    14.  (7-9) 

.   The  vertical  amplifier  and  clipper  section 
should  be  adjusted  first  to  narrow  the  ver- 
tical blanking  pulse.  This  adjustnient  wjlj 
also  narrow  the  vertical  drive  pulse,  hut 
further  adjustment  of  the  vertical  drive  sha- 
per may  be  necessary  to  obtain  the  proper 
vertical  drive  pulse  duration.  (7-10.  i  I ) 
.  It  is  likely  that  the  horizontal  blankini: 
shaper  is  not  functioning  properly  because 
normal  H  drive  would  indicate  that  the  hori- 
zontal oscillator  is  operating  normally.  This 
can  be  checked  at  TP5.  (7-11) 
Unless  the  ratio  of  horizontal  to  vertical 
scan  is  held  constant,  the  lines  per  field 
will  change  and  the  system  cannot  be  de- 
signed to  interlace.  (8-2) 
262  +  1/2.  (8-2) 
'a.  31.5  kc  mo. 

b.  2: 1  counter. 

c.  525: 1  counter. 

d.  H-V  mi.xer. 
(8-3) 

Vertical.  (8-4) 

Multivibrator,  blocking-oscillator,  and  step 
counter.  (8-6) 

Insertion  of  a  resonant  circuit  as  illustrated 
in  figure  34  can  improve  stability  of  a  block-  . 
ing-oscillator  counter.  (8-7) 
The  phantastron  counter  is  reliable  since 
it  is  a  stable  circuit  that  cannot  be  casiK 
pretriggered  (note  e,.  waveform  and  func- 
tion of  D,  in  fig.  35).  (8-8^12) 
When  plate  current  is  cut  off.  e,  rises  tD 
B  +  ;  the  ej,  waveform  in  figure  35  shous 
ek  =  40v  at  this  time.  (S-S^fO) 
Check  your  block  diaeram  with  tmure  36. 
f8-13) 

If  the  lime  difference  between  the  last  hori- 
zontal pulse  and  the  vertical  sync  blank  js 
repeatedly  H,  no  interlace  will  occur.  Fields 
will  fall  upqn  each  other  and  the  hnes  per 
frame  will  he  half  thnt  of  an  interlaced 
frame.  (8-14,  16) 

Horizontal  svnc  or  equalizini:  pulses  (S-lf> 
24) 

OFF.  (8-20.  21 ) 
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26.  Counters  must  be  calibrated  successively 
from  the  mo  crtd  to  the  output  because  each 
counter  depends  upon  the  proper  output 
from  the  one  that  precedes  it.  (8-21) 

27.  I.  b. 

2.  a. 

3.  a. 

4.  c. 

(8-24-27) 

28.  Trailing.  (8-26) 

29.  The  notching  pulses  eliminate  the  equal- 
izing pulses"  when  only  horizontal  sync 
pulses  should  be  present.  If  the  notching 
section  were  inoperative,  equalizing  pulses 
would  appear  midway  between  horizontal 
svnc  pulses.  (8-29) 

30.  The  9H  section  is  needed  to  block  the  hori- 
zontal and  notching  pulses  (fig.  41. B.  sig- 
nals b  and  c)  during  the  time  that  equal- 
izing pulses  and  serrated  vertical  sync  are 
formed.  (8-31) 

31.  The  vertical  pulse  delay  section  because 
the  3H  pulse  is  being  triggered  too  soon. 
(8-33;  Fig.  41) 

Chapter  4 

K    I  inch.  6  inches.  (9-3) 

2.  See  figure  42.  (9-3;  Fig.  42) 

3.  To  produce  and  give  initial  control  to  the 
electron  beam.  (9-3,  4) 

4.  Burn.  (9-5) 

5.  Is  not.  (9-7) 

6.  A  resolution  chart;  proper  illumination;  ver- 
tical, horizontal,  and  beam  controls  ad- 
justed; lens  in  position  and  preset;  elec- 
trical focus  ready  for  adjustment.  (9-8) 

7.  See  figures  43  and  44.  (9-9;  Figs.  43  and 
44) 

8.  See  figure  45.  (9-11;  Fig.  45) 

9.  The  image  orthicon  has  an  image  accelera- 
tor section  and'  a  beam  multiplier,  whereas 
the  vidicon  does  not.  (9-11.  12) 

10.  Tarcet.  (9-11) 

11.  Target.  (9-15) 

12.  Image  orthicon.  (9-17) 

13.  a,  Vidicon. 

h.  Image  orthicon. 

c.  Image  orthicon. 

d.  Image  orthicon. 

e.  Vidicon. 
/.  Vidicon. 
(9-17) 

14.  Cooling:  (9-21) 

15.  The  voltage  is  supplied  from  a  voltage  dy 
vider  network  located  on  the  camera  control 
chassis  and  is  adjusted  by  a  potentiometer. 
The  voltage  source  is  a  negative  HV  recti- 


fier in  the  camera  and  B+  supply  on  the 
camera  control  chassis.  (9-23,  25) 

16.  Compare  to  figure  47.  (9-28;  Fig.  47) 

17.  a.  Remote  adjustments  of  voltages  in  cam- 

era. 

b.  Correction  for  shading. 

c.  Correction  for  black  and  white  compres- 
sion. 

d.  Provision  for  signal  amplification. 

e.  Adjustment   for   proper  blanking  and 
black  level. 

f.  Addition  of  sync  pulses. 
(10-2) 

18.  Working  with  the  camera  man,  adjust  the 
remote  controls  until  the  voltages  applied 
to  the  camera  give  the  best  focus  and  pic- 
ture resolution  (viewed  on  the  picture  mon- 
itor). If  necessary,  adjust  to  correct  for 
shading,  black  or  white  compression,  blank- 
ing, and  black  level.  (10-3) 

19.  a." At  the  output  of  the  first  video  amplifier. 

b.  In  the  gray  scale  amplifier. 

c.  At  the  input  of  the  first  video  amplifier. 

d.  At  the  output  of  the  last  video  amplifier. 

e.  In  the  clipper  amplifier. 
(10-4-7;  Fig.  48) 

20.  Black  stretch  is  achieved  in  the  circuit  il- 
lustrated in  figure  49  by  adjusting  the  cath- 
ode bias  when  51  and  S3  are  in  the  Stretch 
position  and  S2  is  set  at  Normal.  This  is 
accomplished  with  potentiometer  R2  which 
causes  the  operating  point  of  the  tube  to 
shift  so  that  the  signal's  black  positions  are 
amplified  more  than  normal.  (10-7) 

21.  Troubles  could  be  a  fault  in  the  horizontal 
pulse  amplifier  and/or  the  horizontal  shad- 
ing control  (10-8) 

22.  Since  the  field  camera  control  unit  is  de- 
signed for  portability,  it  is  made  compact, 
with  the  result  that  some  of  its  controls 
are  less  conveniently  located  than  those  of 
a  studio  console  type.  (10-9) 

23.  Check  your  drawing  with  figure  50.  (11-6; 
Fig.  50) 

24.  Use  program  transfer  switch  to  connect  pre- 
view channel  to  program  output  and  the 
fader  channel  to  preview  output.  (11-6) 

25.  1.  c. 

2.  e. 

3.  d. 
(11-9) 

26.  1.  c. 

2.  b. 

3.  a. 

(11-11)  .  . 

27.  Isolation  amplifiers  are  used  at  junction 
points  in  a  distribution  system.  (11-11) 

.   28.  Waveform  or  shape.  (11-11) 
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29.  Broadens  or  increases.  (11-17) 

30.  Check  your  sketch  asciinsl  fiuure  55.  MI- 
22:  Fig.  55)  ^  . 

31.  A  CC  amplifier,  which  is  the  counierp;iit 
of  a  cathode  follower,  has  ma.ximuin  de- 
generative feedback  and  therefore  e.xcclleni 
frequency  response.  (11-23) 

32.  In  figure  56.A.  transistor  Ql  is  connected 
as  a  CC  amplifier  and  Q2  as  a  CE  amplifier. 
In  figure  56.  B,  Ql  is  connected  as  a  CC 
amplifier,  Q2  as  a  CE  in  cascode  with  03 
which  is  connected  as  a  CB  ampliticr.  (11- 
28;  Fig.  56) 

33.  Frequency  compensation  is  not  needed 
when  direct  coupling,  degenerative  feed- 
back, and/or  low-gain  circuitry  is  employed 
to  give  the  desired  ^broadband  response. 
(11-28) 

Chapter  5 

1.  K  c;  2.  b;  3,  c;  4,  a.  (12-1,  2) 

2.  Master.  (12-2) 

3.  Check  your  diaeram  against  ficure  57. 
(12-3) 

4.  The  viewfinder  monitor  does  not  contain 
a  sync  separator  because  its  input  from 
the  camera  has  no  sync  information.  (12-3) 

5.  a.  Video  amplifiers  and  d-c  restorer.  (12- 

8;  Fig.  59) 

b.  Sync  separator  and  pulse  amplifiers. 

t\  Vertical  oscillator  and  amplifier. 

d,  Afc.  horizontal  oscillator,  pulse  ampli- 
fier, and  diimpcr. 

6.  I.e. 

2.  b. 

3.  d. 

4.  e. 

5.  a. 

(12-13-24) 

7.  The  sync  pulses  are  the  most  negative-going 
portion  of  the  input  signal  to  the  base  Q3 
which  is  self-biased  well  below  cutoff;  there- 
fore, only  these  pulses  drive  the  p-n-p  tran- 
sistor to  conduction  and  appear  as  positive- 
going  pulses  on  Q3's  collector.  (12-14) 

8.  Integrating  (lone-time  constant  RC).  (12- 
16) 

9.  Vertical  oscillator.  (12-16) 

10.  Both  the  height  and  vertical  linearity  con- 
trols affect  the  height  of  the  picture. 
(12-17) 

11.  Vertical  output.  (12-18) 

12.  If  the  horizontal  oscillator  frequency  in- 
creases slightly,  the  sawtooth  fed  to  the 
phase  detector  (at  TP3)  will  produce  an 
error  voltage  (see^^fig.  61,  C)  that  increases 

24 
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the  negative  bias  on  07"s  hasc^  thus,  the 
hi.is  on  OS's  basw  decreases  (becomes  less 
ncii.itive )  thereby  reducing  the  blocking  rate 
to  counteract  the  iVeuiicncv  increase  (  12- 
20) 

13.  The  horizontal  oscillator  generates  a  pulse 
output  whereas  the  vertical  oscillator  de- 
velops a  sawtooth  output.  (12-22) 

14.  The  horizontal  hold  control  establishes  liic 
bias  and  therefore  the  frequency  of  the 
horizontal  oscillator.  In  figure  60.  this  con- 
trol is  seen  to  be  in  the  afc  d-e  amplirier 
stage.  (  12-22) 

15.  If  010  failed  the  iollowing  circuits  woukl 
not  function  properh :  horizontal  deflccii<m. 
horizontal  blanking,  high-voliagc  reciiliers. 
damper,  video  oiiiput  amplifier  i  no  bousi 
voltage),  and  afc  (no  feedback).  (12-23. 
24) 

16.  The  picture  correction  magnei  >\)ouk\  K- 
adjusted  tu  eliminate  corner  slKukuvinii. 
(i:-28) 

17.  Numerous  video  amplifiers  are  needed  in  a 
master  oscillator  to  obtain  the  broadband 
response  for  high  fidelity.  (  13-3) 

18.  A  master  monitor's  horizontal  oscillaior  ire- 
quency  is  controlled  directly  by  the  hori- 
zontal sync,  whereas  a  receiver  picunv 
monitor  uses  a  d-c  output  from  an  ale  ar- 
rangement. (  1 3-5) 

19.  The  stringent  requirements  tor  hii:h  voliaLV 
are  best  met  with  a  separate  \vel[-regulaieii 
supply.  (  13-5) 

20.  30.  7875.  (13-9) 

21.  An  expanded  sweep  signal  is  developed  b\ 
clipping  and  amplifying  the  normal  sweep 
as  illustrated  in  ficure  64.  M3-I0) 

22.  I.  e. 

2.  a. 

3.  d. 

4.  b. 

(  Ll-14-18) 

Chapter  6 

1.  a.  Dynamic. 

b.  Carbon. 

c.  Crystal. 

d.  Capacitor.  (14-1  ) 

2.  I.  b. 

2.  c. 

3.  a. 

4.  d. 

(14-3,  9.  14.  and  16) 

3.  Dynamic.  (14-18) 

4.  Set  the  shutter  aperture  to  open,  inakin«j 
it  bidirectional.  (  14-19 ) 
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5.   l  b. 

.V  a. 
I  15.2) 

f>  1\k  types  of  coupling  used  for  tubes  and 
irunsisiors  arc  basically  the  same;  however. 
\\w  impcdaticc  values  involved  are  much 
lower  for  transistors.  Depending  on  the  load, 
iiains  equal, to  those  ot  tube  audio  ampli- 
ficrb  can  be  obtained  with  transistor  audio 
:miplifiers.  Transistors  are  ordinarily  noisier 
than  lubes,  but  can  be  operated  to  obtain 
li>w  noise  factors.  (15-3.  6.  and  9:  Fig. 

Voltuiic  gam  =  250.  current  gain  =  12.  and 
pin\LT  gain  =  40  db  arc  the  indicated  values 
in  fiiiurc  74  for  a  CE  amplifier.  (15-6) 
S.   CC  ^I5-6) 
c:B.  i  15-6) 

10.  CE.  n5-6) 

11.  1.  a. 
2.  c 

a. 

(  15-' ) 
iZ    ItncrsclN.  (15-11) 

13.  Crcamplifiers  are  characterized  by  their  low 
pnucr  levels  and  comparatively  low  noise 
factors,  privcrs  are  medium  power  linear 
unplifiers.  Power  amplifiers  operate  at  rel- 
auvcly  high  power  levels;  therefore,  push- 
pull  arraneements  are  used  to  obtain  higher 
efficiencies.  (15-8.  20-23) 

14  Higher  efficiencies  can  be  attained  because 
push-pull  amplifiers  will  give  linear  oper- 
ation when  operated  class  AB  or  B.  Higher 
fidelity  is  attainable  because  even-harmonic 
distortion  is  minimized  for  class  A  operation 
and  reduced  for  class  AB  operation.  (15-23) 

15.   .1.  Class  B.  (15-23-29) 
h.  Class  A. 
c.  Class  AB. 

\(^.  Increase  R.  This  makes  the  bases  less  posi- 
tive, thus,  it  biases  the  n-p-n  transistors 
into  cutoff  for  a  portion  of  each  cycle. 
(15-28) 

17.   a.  Amplifiers.  c.  Mixers. 

b.  Switches.  d.  Monitors. 

(16-2) 
IS.   Gain.  (l6-h) 

19.  See  figure  8H.  (16-9) 

20.  Hum  balance.  (16-12) 
:i.   VU  meter.  (16-14) 

22.  The  nii.xer  or  gain  control  connected  to  the 
anipiifier  for  microphone  number  3  prob- 
ably has  a  dirty  wiper  arm.  This  could 
cause  a  weak  signal  which  would  mean 
mojc  gain  required.  It  could  cause  erratic 
action  ^and  thus  a  static  to  be  heard  by  the 


control  room  operator  or  program  monitor. 
(16-18.  19) 

Chapter  7 

1.  Color,  camouflaged.  (17-6) 

2.  Blue,  green,  and  red.  (17-10) 

3    Hue.  saturation,  and  brightness.  (17-14) 

4.  a.  V  ;  c.^;  d.^;  c.^;  f.^. 
(17-15-19) 

5.  Move  in  or  use  a  zoom  lens  for  closeups 
so  the  image  is  larger  on  the  pickup  tube 
face.  The  larger  the  image,  the  better  the 
color  perception.  (17-17) 

6.  Processing  amplifier  and  colorplexer  (17- 
21) 

7.  a.  Closer  tolerances 

b.  More  complex  units 

c.  Special  optical  system 

d.  Three  camera  tubes 

e.  A  3,58-mc  sync  signal. 
(17-21) 

8.  Check  your  drawing  with  figure  94.  (18-1) 

9.  a.  Color  camera  is  larger  and  has  more 

circuitry, 

b.  Color  camera  has  three  or  more  pickup 
tubes,  whereas  monochrome  uses  only 
one. 

c.  Color  camera  has  a  more  complex  op- 
tical system. 

(18-2) 

10.  The  color  television  camera  must  have  a 
blue,  green,  and  red  light  image.  (18-3) 

11.  There  would  be  danger  of  image  burn  to 
all  three  pickup  tubes.  (18-4) 

12.  The  neutral  density  filters  reduce  the  light 
on  the  red  and  green  tubes  so  that  it  matches 
the  light  on  the  blue  tube.  (18-7) 

13.  a.  Reduced  screen-to-target  spacing 

b.  Improved  photocathode 

c.  A  micromesh  screen 

d.  Better  dynode  construction 
(18-10) 

14.  a.  The  pushbuttons  on  the  viewfinder. 

b.  The  skew  and  O  controls  in  addition  to 
the  controls  for  three  channels  rather 
than  one  on  the  camera. 

c.  The  colored  knobs  for  three  separate 
channels,  the  master  iris,  and  the  master 
pedestal  control  on  the  camera  control 
panel. 

(18-13-19) 

15.  Adjust  red  skew  control  for  rectangular 
shape.  Q  control  for  linearity.  (18-15) 

16.  In  the  color  camera  a  dynode  gain  control 
is  provided  for  adjusting  each  10  tube. 
(18-15) 
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17.  The  preamplifiers  used  in  color  cameras 
arc  adjustable.  (18-16) 

18.  a.  Video  amplification 

b.  Cable  compensation 

c.  Shading  and  gamma  correction 

d.  Regeneration  of  drive  pulses  and  blank- 
ing pulse 

e.  Generation  of  test  signals 

f.  Electronic  swirching 
(18-20) 

19.  l<;  :.d;  3-b.  (18-21.  22) 

20.  They  arc  slightly  lower.  (18-24) 

21.  3.58  mc,  blanking,  (18-25) 

22.  1-c;  2-b;  3-b.  (18-23^25) 

23.  Check  your  diagram  with  ficure  96  (18- 
26;  Fig.  96) 

24.  I  and  Q;  matrix.  (18-27) 

25.  1-e;  2-f;  3-d;  4-a;  5-c.  (18-27.  28) 

26.  Because  the  Q  signal  is  delayed  most  by 
its  filler.  (18-29) 

27.  57,  90.  (18-30,  31) 

28.  The  output  signal  from  the  mixer  unit  of  a 


29. 
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colorplexer    contains    luminance,  chromi- 
nance, and  .sync  intormation.  f  18-32) 
Hue.  luminance  or  brightness.  (IS-36) 
The  chrominance  demodulator,  burst  lhjh- 
trol  oscillator.  and__matrix  sections.  MO-j^- 
Fig.  103) 

31.  Video.  (19-3) 

32.  Check  your  drawing  with  fieure  104 
(19-5) 

33.  Phase  detector.  (19-8) 

34.  Bandpass  amplifier,  monochrome.  /j9-^>) 

35.  Synchronous.  (19-10) 

36.  Because  negative  and  positive  1  and  O  5.ig- 
nals  are  needed  as  inputs  lo  the  matrix 
section  to  form  the  B.  G.  and  R  siunais. 
(19-11) 

37.  B.  G.  (19-13) 

38.  a-1;  b-2;  c-3;  d-4;  e-5;  f-6.  (19-15-21) 

39.  For  convergence,  look  for  color  definition 
at  edges.  For  purity,  look  for  hues  of  color 
instead  of  pure  color.  For  temperature,  ro- 
tate brightness  control  and  look  for  back- 
ground  change.  (19-22-27) 
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I .  M  A  T  C  H  ANSWER     2  .  U  S  E    NUMBER  1 

STOP           SHEET    TO   THIS  PENCIL. 

EXERCISE  NUM. 
B  E  R .. 

30455    01  21 

REVIEW  EXERCISE 

Carefully  read  ihc  following: 

c 

DO'S: 

1.  Check  the  '•course/*  "volume,"  and  **form*'  numbers  from  the  answer  sheet 
address  tab  against  the  **VRE  answer  sheet  identification  number"  in  the 
righthand  column  of  the  shipping  list.    If  numbers  do  not  match,  take  action 
to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note 
of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column 
to  column. 

3.  Use  only  medium  sharp  #1  black  lead  pencil  for  marking  answer  sheet, 

4.  Use  a  clean  eraser  for  any  answer  sheet  changes,  keeping  erasures  to  a  minimum. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volumn  Review  E.xercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI 
Form  17. 

DONTS: 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
e.xercise. 

2.  Don  t  mark  on  the  answer  sheet  e.xcept  to  fill  in  marking  blocks. 

Double  marks  or  excessive  markings  which  overflow  marking  blocks  will 
register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don*t  use  ink  or  any  marking  other  than  with  a  #1  black  lead  pencil. 

SOTE:  The  3-digit  number  in  parenthesis  immediately  following  each  item  number 
in  this  V'^olume  Review  Exercise  represents  a  Guide  Number  in  the  Study 
Reference  Guide  which  in  turn  indicates  the  area  of  the  text  where  the 
answer  to  that  item  can  be  found.   For  proper  use  of  these  Guide  Numbers 
in  assisting  you  with  your  Volume  Review  Exercise,  read  carefully  the 
instructions  in  the  heading  of  the  Study  Reference  Guide. 
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Multiple  Choice 


Note.  The  first  three  items  in  this  exercise  arc 
based  on  instructions  that  were  included  with 
your  course  materials.  The  correctness  or  incor- 
rectness of  your  answers  to  these  items  will  be 
reflected  in  your  total  score.  There  are  no  Study 
Reference  Guide  subject-area  numbers  for  these 
first  three  items. 

I.  The  form  number  of  this  VRE  (or  CE) 
must  match 

a.  the  form  number  on  the  ansv/er  sheet. 

b.  the  number  of  the  Shipping  List. 

c.  my  course  number. 

d.  my  course  volume  number. 

?.  So  that  the  electronic  scanner  can  properly 
score  my  answer  sheet.  I  must  mark  my 
answers  with  a 

a.  number  1  black  lead  pencil, 

b.  pen  with  blue  ink. 

c.  bnU  p  (jnl  or  liquid-lead  pen. 

d.  pen  with  black  ink. 

3.  If  I  tape,  staple  or  mutilate  my  answer 
sheet;  or  if  I  do  not  cleanly  erase  when  I 
make  changes  on  the  sheet;  or  if  I  write 
over  the  numbers  and  symbols  along  the  top 
margin  of  the  sheet, 

a.  my  answer  sheet  will  be  unscored  or 
scored  incorrectly. 

b.  my  answer  sheet  will  be  hand-graded. 

c.  I  will  be  required  to  retake  the"  VRE 
(or  CE). 

d.  I  will  receive  a  new  answer  sheet. 

CHAPTER  1 

4.  (102)  Which  of  the  following  is  an  exam- 
-   pie  of  using  television  to  monitor  a  hazard- 

ous  situation? 

a.  Observing   personnel    entering  security 
areas. 

b.  Observing  the  fuel-handling  operation  in 
a  nuclear  reactor  power  plant. 

c.  Observing  vehicular  movement  in  heavy 
traffic  areas. 

d.  Observing  the  techniques  of  a  highly 
skilled  surgeon. 

5.  (103)   Which  of  the  following  activities  re- 
quires an  elaborate  video  system? 

a.  Monitoring  a  door  or  gate. 

b.  Surveillance  of  traffic. 
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c.  Production  of  news  releases. 

d.  Weather  briefing. 

(103)  In  which  uppiicarion  would  closed- 
circuit  television  most  likely  be  used? 

a.  Intercontinental  communication. 

b.  Photographing  the  moon. 

c.  Home  educational  programs. 

d.  Flight  crew  briefing. 


7.  (101)  Which  of  the  following  is  an  ad- 
vantageous use  of  television  in  the  Defense 
Communications  Systems? 


8. 


Providing  entertainment  for  all  personnel. 
Providing  immediate  transmission  ol  in- 
formation. 

Eliminating  the  need  for  personal  brief- 
ings of  flight  crews. 

Eliminating  the  need  for  airfield  traffic 
control  towers. 


(103)  What  is  the  classification  of  a  viueo 
system  using  two  or  more  cameras.  ;i 
switcher,  and  more  than  one  monitor? 

a.  Fundamental.  e.  Elaborate, 

b  Closed-circuit.  d.  Moderate. 


9.  (100)  If  a  3-level  airman  is  assigned  to  an 
open  7-level  position,  which  of  the  follow- 
ing actions  is  appropriate? 

a.  Award  the  airman  the  7-level  .AFSC  if 
he  passes  a  7-level  test. 

b.  Award  the  airman  a  temporary  virade  of 
E-5. 

c.  Place  the  airman  on  OJT  to  ihe  5-lcyel 
AFSC. 

d.  Award  the  airman  the  7-level  .AFSC  af- 
ter I  yearns  service  in  the  position. 

10.  (101)  .Activities  of  the  Defense  Comnumi- 
cations  Agency  are  directed  b>  the 

a.  Joint  Chiefs  of  Staff. 

b.  Defense  Intelligence  Agcncv 

c.  Communications  Satellite  Project. 

d.  Defense  Atomic  Support  .Agency. 

11.  (100)  Which  of  the  following  is  an  area 
of  responsibility  of  the  technician,  but  iwt 
of  the  repairman? 

a.  Use  of  associated  test  equipment. 

b.  Installation   of   television   systems  and 
equipment. 
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c.  Correction  of  equipment  malfunctions. 

d.  Major  modification  of  television  systems 
and  equipment. 

12.   (101)  Which  of  the  following  is  an  appli- 
cation of  instructional  televisio  ? 

a.  Direction  of  aircraft  ground  movement. 

b.  Monitoring  of  sensitive  areas. 

c.  Briefing  of  flight  crews. 

d.  Reconnaissance  of  terrain. 


CHAPTER  2 

13.  (106)  Why  is  regulation  poor  in  a  cascade 
voltage  doubler? 

a.  It  is  a  full-wave  rectifier. 

b.  Its  output  capacitor  is  charged  only  once 
per  cycle. 

c.  It  develops  twice  the  peak  input  voltage. 

d.  Both  input  and  output  can  have  one  side 
grounded. 

14.  (105)  In  figure  16,B,  of  the  text,  if  the 
load  current  increases,  the  regulator  tran- 
sistor 

a.  passes  more  current. 

b.  base-to-emitter  bias  decreases. 

c.  emitter  voltage  increases. 

d.  base  voltage  increases. 

15.  (107)  The  boost  voltage  developed  in  a 
flyback  W/  system  is 

a.  produced  when  the  HV  rectifier  con- 
ducts. 

b.  produced  by  voltage  doubling. 

'  c.  caused  by  exciting  the  venical  output 
stage. 

d.  produced  by  using  a  damper  diode. 

16.  (104)  What  electronic  components  in  a 
TV  system  generally  require  well-regulated 
d-c  voltages? 

a.  VR  tubes  and  camera  tubes. 

b.  VR  tubes  and  Zener  diodes. 

c.  Receiver  tubes  and  transistors. 

d.  Picture  tubes  and  rectifiers. 

17.  (106)  For  a  single-phase  bridge  rectifier 
circuit  with  an  LC  filter,  what  is  probably 
the  trouble  if  the  d-c  output  is  low  and  a 


ripple  having  the  input  frequency  is  pres- 
ent? 

a.  An  open  filter  capacitor. 

b.  An  open-circuited  rectifier. 

c.  A  leaky  filter  capacitor. 

d.  A  short-circuited  rectifier. 

18.  (104)  A  single-phase  bridge  rectifier  has 
an  effective  input  voltage  of  220  volts  a-c 
at  a  frequency  of  60  cps.  The  approximate 
output  of  the  rectifier  will  be 

a.  154  vdc  with  a  60-cps  ripple  voltage. 

b.  154  vdc  with  a  120-cps  ripple  voltage. 

c.  308  vdc  with  a  120-cps  ripple  voltage. 

d.  308  vdc  with  a  240-cps  ripple  voltage. 

19.  (104)  As  compared  to  three-phase  recti- 
fiers, single-phase  rectifiers 

a.  have  a  ripple  of  lower  amplitude. 

b.  have  higher  ripple  frequencies. 

c.  are  smaller  and  less  costly. 

d.  have  lower  peak  inverse  voltage  ratings;. 

20.  (105)  What  occurs  in  the  regulator  shown 
in  figures  17,C,  of  the  text,  if  the  output 
voltage  tends  to  increase? 

a.  The  forward  bias  on  Q2  increases. 

b.  The  transistor  Ql  conducts  more  cur- 
rent. 

c.  The  Zener  diode  conducts  less  current. 

d.  The  collector  voltage  of  Q2  goes  more 
positive. 

21.  (107)  For  the  regulated  HV  system  shown 
in  figure  27,B,  of  the  text,  what  happens  if 
the  VOLTAGE  ADJUST  is  moved  upward 
(away  from  ground)? 

a.  Transistor  Ql  conducts  longer. 

b.  Shock  excitation  decreases  in  amplitude. 

c.  Capacitor  CI  charges  to  a  low:r  voltage. 

d.  The  SCR  fires  more  frequently. 


CHAPTER  3 

22.  (109)   What  is  the  purpose  of  a  resonant 
stabilizer  circuit  in  an  interlace  system? 

a.  To  insure  proper  count. 

b.  To  stabilize  the  horizontal  oscillator. 

c.  To  stabilize  the  vertical  oscillator. 

d.  To  insure  proper  operation  of  the  AFC. 
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23.  (110)  The  equalizing  pulses  have  a  repeti- 
tion rate  of  31.5  kc  to  properly  synchronize 
the 

a.  horizontal  scan  frequency. 

b.  vertical  and  horizontal  oscillators  and 
produce  line  pairing. 

c.  vertical  oscillator  during  vertical  blank- 
ing. 

d.  alternate  fields  and  produce  interlaced 
scanning. 

24.  (108)  What  stage  in  figure  29  of  the  text 
maintains  a  stable  output  from  the  60-cps 
oscillator? 

a.  Mixer  blanking  buffer. 

b.  Vertical  sync  buffer. 

c.  Horizontal  sync  buffer. 

d.  Blanking  mixer. 

25.  (110)  Serrations  are  present  in  the  vertical 
sync  pulse  of  a  standard  interlace  sync  gen- 
erator to  insure 

a.  proper  retrace  of  the  beam  during  verti- 
cal blanking. 

b.  synchronization  of  the  vertical  oscillator 
during  vertical  blanking, 

c.  synchronization  of  the  horizontal  oscil- 
lator during  vertical  blanking. 

d.  proper  interlace  of  the  scan  lines. 

26.  (108)  In  figure  31  of  the  text,  if  the  verti- 
cal blanking  pulses  applied  to  the  blanking 
mixer  were  too  narrow,  but  the  vertical 
drive  was  normal,  where  would  the  probable 
trouble  be? 

a.  Squarer  and  peaker. 

b.  Vertical  oscillator. 

c.  Vertical  amplifier  and  clipper. 

d.  Vertical  blank  shaper. 

27.  (108)  The  output  of  the  vertical  oscillator 
of  the  simple  noninterlace  system  in  figure 
29  of  the  text  is  formed 

a.  in  the  blanking  mixer  and  locked  by  the 
60-cps  line  frequency. 

b.  by  the  60-cps  line  frequency  and  locked 
by  the  horizontal  frequency. 

c.  across  the  vertical  oscillator  blocking  ca- 
pacitor and  locked  to  the  60-cps  line 
frequency. 

d.  across  the  horizontal  blocking  capacitor 
and  locked  to  the  vertical  frequency. 
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master  oscillator  and  the  counters  in  figure 
32  of  the  text  maintains  a 

a.  sequential  line  scan  rate. 

b.  constant  number  of  lines  per  frame. 

c.  constant  number  of  fields  per  second. 

d.  varying  number  of  lines  per  second. 

29.  (109)  What  are  the  three  basic  types  of 
counter  circuits? 

a.  Step-counter,   blocking   oscillator,  and 
multivibrator. 

b.  Step-counter,    resonant   stabilizer,  and 
multivibrator. 

c.  Multivibrator,   blocking  oscillator,  and 
resonant  stabilizer. 

d.  Step-counter,    resonant   stabilizer,  and 
blocking  oscillator. 

30.  (109)  What  are  the  four  basic  sections  of 
the  interlace  sync  generator  shown  in  fig- 
ure 32  of  this  text? 

a.  Master  oscillator,  HV  mixer,  2:1  coun- 
ter, and  the  525:1  counter. 

b.  Master  oscillator,  blanking  mixer.  7:1 
counter,  and  the  5:1  counter. 

c.  Master  oscillator,  7:1  counter.  5:1  coun- 
ter, and  the  3:1  counter. 

d.  Master   oscillator,    15:1    counter,  7:1 
counter,  and  the  2:1  counter. 

31.  (108)  What  are  the  three  basic  sections  of 
a  simple  noninterlace  sync  generator? 

a.  Vertical  oscillator,  horizontal  oscillator, 
and  sync  separator. 

b.  Vertical  oscillator.  31.5-kc  oscillator,  and 
vertical  drive. 

c.  Vertical  oscillator,  horizontal  oscillator, 
and  blanking  mixer. 

d.  Vertical  oscillator,  horizontal  drive,  and 
blanking  mixer. 

32.  (108)  In  what  section  of  a  simple  nonin- 
terlace sync  generator  are  height  adjust- 
ments generally  accomplished? 

a.  Vertical  blanking  section. 

b.  Horizontal  oscillator  section. 

c.  Vertical  drive  section. 

d.  Vertical  oscillator  section. 

33.  (108)  In  the  multipulse  sync  generator 
shown  in  figure  30  of  the  text,  in  'what 
circuits  are  pulse  w^dth  and  amplitude  ad- 
justments normally  accomplished? 

a.  Squarer  and  peaker  circuits. 

b.  Clipper  and  shaping  circuits. 
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c.  Blanking  mixer,  squarer  and  peaker  cir- 
cuits. 

d.  Blanking  mixer,  clipper  and  shaping  cir- 
cuits. 

CHAPTER  4 

34.  (113)  What  type  video  amplifier  is  used  at 
junction  points  in  a  closed-circuit  TV  dis- 
tribution system? 

a.  Isolation. 

b.  Parametric. 

c.  Picture  signal. 

d.  Pulse. 

35.  (113)  Which  of  the  following  will  broaden 
the  low-  and  high-frequency  video  band- 
pass of  a  video  amplifier? 

a.  A  decrease  in  the  load  impedance. 

b.  Degenerative  feedback. 

c.  Series  and  shunt  peaking. 

d.  An  increase  in  the  load  impedance. 

36.  (112)  If  the  camera  control  scene  appears 
!                 more  gray  than  white,  which  control  should 

be  adjusted  first? 

a.  Horizontal  shading. 

b.  Black  stretch* 

c.  White  stretch. 

d.  Gray  scale  gain. 

37.  (113)  An  advantage  of  transistors  as  com- 
^pared  to  tubes  for  use  in  video  amplifiers 

is  that  transistors 

a.  give  more  gain  per  stage. 

b.  have  lower  noise  figures* 

c.  are  more  adaptable  to  compensation. 

d.  are  more  adaptable  to  direct  coupling. 

38.  (112)  How  do  the  shading  signals  which 
are  added  at  the  video  amplifier  (camera 
control  unit)  compensate  for  previously  in- 
serted horizontal  and  vertical  shading? 

a.  They  cancel  any  spurious  shading  signals 
,  which  may  still  be  present 

b.  They  increase  the  amplitude  of  the  hori- 
zontal and  vertical  pulse  amplifiers. 

c.  They  cancel  a  portion  of  the  blanking  sig- 
nal* 

d.  They  reenforce  the  action  of  the  damper 
circuits. 

Er|c  3 


39.  (Ill)  Which  of  the  following  best  de- 
scribea  the  function  of  the  multistage  multi- 
plier within  the  image  orithicon  tube? 

a.  To  increase  the  intensity  of  the  emitted 
electron  beam. 

b.  To  control  the  position  of  the  emitted 
electron  beam. 

c.  To  increase  the  output  current  of  the 
tube. 

d.  To  control  secondary  emission  from  the 
photocathode. 

40.  (112)  Which  of  the  following  is  not  a  func- 
tion of  the  image  or th icon  camera  control? 

a.  To  correct  for  shading. 

b.  To  adjust  for  proper  blanking  and  black 
level. 

c.  To  correct  for  black  and  white  compres- 
sion. 

d.  To  preamplify  the  signal  from  the  target 
image. 

4 1 .  -  ( 1 1 1 )   If  an  image  burn  appears  on  the 

target  screen  of  an  image  orthican  tube, 
which  of  the  following  is  a  likely  cause? 

a.  The  target  is  being  underscanned. 

b.  The  target  is  being  overscanned. 

c.  The  alignment  coil  current  is  excessive. 

d.  The  image  accelerator  voltage  is  exces- 
sive. 

42.  (Ill)  What  is  one  purpose  of  the  video 
output  stage  shown  in  the  block  diagram 
of  the  vidicon  TV  camera  in  figure  43  of 
the  text? 

a.  To  amplify  the  output  signal. 

b.  To  develop  a  signal  which  may  be  mon- 
itored at  Tp  3. 

c.  To  superimpose  the  picture  information 
onto  the  horizontal  and  vertical  blanking 
pulses. 

d.  To  minimize  loading  effects. 

43.  (112)  In  figure  50  of  the  text,  a  program 
output  can  be  achieved  and  yet  keep  the 
two  fader  channels  available  for  preview- 
ing.  etc..  by  using  the 

a.  monitor  switch. 

b.  program  transfer  switch. 

c.  sync  input  relay. 

d.  alternate  channel  switches. 
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44.  (Ill)  The  electron  gun  of  a  vidicon  cam- 
era is  made  up  of  which  of  the  following? 

a.  Heater,  cathode,  control  grid,  accelerat- 
ing grid,  and  shaping  grids. 

b.  Heater,  cathode,  control  grid,  and  focus- 
ing coil. 

c.  Heater,  cathode,  control  grid,  shaping 
grids,  and  deflection  coil. 

d.  Cathode,  control  grid,  shaping  grids,  and 
a  permanent  magnet. 

45.  (Ill)  If  a  horizontal  straight  line  appears 
on  the  viewfinder  of  an  image  orthicon 
camera,  what  is  a  likely  cause? 

a.  Blanking  output  stage  is  inoperative. 

b.  Horizontal  damper  is  inoperative. 

c.  Vertical  sawtooth  generator  is  inopera- 
tive. 

d.  Horizontal  sawtooth  generator  receives 
no  input. 

46.  (Ill)  Into  which  three  sections  is  the 
image  orthicon  tube  divided? 

a.  Scan,  focus,  and  deflection. 

b.  Multiplier,  scanning,  and  image. 

c.  Image,  focus,  and  multiplier. 

d.  Lens,  scanning,  and  multiplier. 

47.  (Ill)  Which  is  an  indication  that  the  beam 
control  of  a  vidicon  tube  is  critically  ad- 
justed? 

a.  Small  specks  in  the  mosaic. 

b.  An  illuminated  screeti. 

c.  A  single  vertical  line. 

d.  A  single  horizontal  line. 

48.  (Ill)   How  may  image  burn  damage 
the  photoconductive  faceplate  of  the  vidicon 
tube  be  prevented? 

a.  By  focusing  the  camera  on  a  fixed  spot 
of  high  intensity  light. 

b.  By  adjusting  the  camera  scan  to  utilize 
the  maximum  ^area  of  the  faceplate. 

c.  By  adjusting  for  maximum  vertical  scan 
after  making  all  other  adjustments. 

d.  By  mounting  the  tube  so  that  sunlight 
strikes  the  faceplate  at  a  downward  an- 
gle 

49.  (Ill)  If,  after  a  10-  to  20-minute  warmup 
periods  there  is  no  visible  display  on  the 
screen  of  a  vidicon  tube,  which  adjustment 
should  be  made  first? 


a.  Centering. 

b.  Vertical. 


c.  Camera  scan. 

d.  Beam  control. 


50. 


51. 


52. 


53. 


54. 


(Ill)  Which  of  the  following  statements 
concerning  vidicon  cameras  is  true? 

a.  A  scanning  beam  is  produced  by  the 
electron  gun. 

b.  Alignment  is  accomplished  by  a  syn- 
chronizing pulse. 

c.  Signal  output  is  taken  from  the^  cathode 
circuit.  ^ 

d.  Focus  is  accomplished  by  the  accelerat- 
ing and  shaping  grids. 


CHAPTER  5 

(115)  What  is  faulty  if  the  display  on  a 
kinescope  has  a  black  top  half  and  a  white 
bottom  half? 

a.  HV  supply. 

b.  Kinescope. 

c.  Horizontal  oscillator. 

d.  Vertical  oscillator. 

(114)  A  width  control  is  not  included  in 
the  monitor  schematic  shown  in  figure  60 
of  the  text  because 

a.  it  would  adversely  affect  the  sync  sep- 
arator stage. 

b.  the  H-hold  control  changes  the  horizon- 
tal width. 

c.  it  would  cause  horizontal  overscan  of 
the  display. 

d.  it  would  alter  the  horizontal  output  sig- 
nals. 

(114)  Why  is  a  combination  monitor  used 
in  conjunction  with  the  camera  control  unit? 

a.  It  has  a  large  screen  picture  display. 

b.  It  provides  for  signal  and  picture  analy- 
sis. 

c.  It  controls  all  other  monitors  in  the  sys- 
tem. 

d.  It  controls  the  outputs  from  the  camera 
control  unit. 

(114)  From  what  stage  does  the  sync 
amplifier  of  a  utility  monitor  receive  its 
input? 

a.  Video  input  amplifier. 

b.  Video  output  amplifier. 

c.  Sync  separator. 

d.  Phase  detector. 
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55.  (115)  What  are  two  noteworthy  features 
that  commonly  distinguish  a  master  monitor 
from  other  types  of  monitors? 

a.  Direct  horizontal  frequency  control  and 
a  separate  HV  supply. 

b.  Horizontal  afc  and  numerous  video  am- 
plifiers. 

c.  D-c  restoration  and  numerous  video  am- 
plifiers. 

d.  Sync  separation  and  d-c  restoration. 

56.  (115)  If  no  raster  appears  on  the  kine- 
scope of  a  master  monitor,  the  failure  of 
what  section  will  cause  this? 

a.  Horizontal  section. 

b.  Vertical  section. 

c.  HV  supply  section. 

d.  Video  section. 

57.  (114)  For  the  TV  monitor  shown  in  figure 
60  of  the  text,  the  vertical  oscillator  is 
adjusted  for  proper  synchronization  by 
changing  the 

a.  bias  on  Q6  with  the  height  control. 

b.  bias  on  Q5  with  the  height  control. 

c.  bias  on  Q6  with  the  linearity  control. 

d.  cutoff  time  of  Q5  with  the  V-hold  con- 
trol. 


CHAPTER  6 

58.  (116)  To  mechanically  adjust  two  poly- 
directional  microphones — one  to  pick  up 
all  classroom  sound  and  the  other  to  pick 
up.  primarily,  the  instructor,  you  would  ad- 
just 

a.  both  microphones  for  unidirectional  pick- 
up. 

b.  both  microphones  for  nondirectional 
pickup. 

c.  one  microphone  for  unidirectional  pick- 
up and  the  other  for  nondirectional  pick- 
up. 

d.  both  microphones  for  bidirectional  pick- 
up. 

59.  (119)  Where  would  be  a  likely  place  to 
first  check  for  a  hum  which  is  reported  on 
all  monitors? 

a.  All  microphone  cables  and  connectors. 

b.  All  preamps  and  mixer  controls. 

c.  Each  cable  and  switch  to  the  monitors. 

d.  The  hum  balance  in  the  power  supply. 


60.  (118)  The  audio  console 

a.  amplifies,  switches,  and  mixes  audio. 
•  b.  amplifies,  switches,  and  detects  audio. 

c.  switches,  mixes,  and  detects  audio. 

d.  switches,  mixes,  and.  multiplexes  audio. 

61.  (117)  Which  transistor  amplifier  config- 
uration can  develop  the  greatest  power  gain 
for  a  given  transistor? 

a.  CB.  c.  RC. 

b.  CC.  d.  CE. 

62.  (119)  Which  of  the  following  would  be 
the  correct  signal  path  through  an  audio 
control  console? 

a.  Microphone,  program  amplifier,  preamp, 
output,  and  VU  meter. 

b.  Microphone,  preamp,  program  ampli- 
fier, and  output. 

c.  Microphone,  VU  meter,  program  ampli- 
fier, preamp,  and  output. 

d.  Program  amplifier,  VU  meter,  preamp, 
and  output. 

63.  (116)  The  capacitor  microphone  operates 
with 

a.  two  electrodes  and  a  variable  capaci- 
tance. 

b.  two  electrodes  and  a  fixed  capacitance. 

c.  three  electrodes  and  a  fixed  capacitance. 

d.  three  electrodes  and  a  variable  capaci- 
tance. 


64. 


(116)  Which  type  of  microphone  uses  the 
"sound  cell"  to  produce  an  a-c  signal? 


a.  Dynamic. 

b.  Carbon. 


c.  Crystal. 

d.  Capacitor. 


65. 


66. 


(116)  Which  of  the  following  microphone 
types  has  the  best  frequency  response? 

a.  Carbon  (double-button ) . 

b.  Dynamic  (moving-coil). 

c.  Crystal. 

d.  Capacitor. 

(116)  What  are  the  most  widely  used 
types  of  microphones? 

a.  Dynamic,  carbon,  crystal,  and  ribbon. 

b.  Dynamic,  carbon,  crystal,  and  moving 
coil. 

c.  Carbon,  crystal,  moving  coil,  and  vari- 
able resistance. 

d.  Dynamic,  crystal,  capacitor,  and  carbon. 
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67.   (116)   Which  statement  best  dcscnbvs  the 
dynamic  microphone? 

a.  It  generates  a-c  b>  movement  of  a  dia- 
phragm which  flexes  a  himorph  unit. 

b.  A  diaphraym  moves  a  coil  of  wire  be- 
tween the  poles  of  a  magnet. 

c.  It  generates  a-c  by  using  two  flexing 
electrodes. 

d.  It  has  a  moving  carbon  pile  in  a  mag- 
netic field. 


CHAPTER  7 

68.  (123)  In  a  color  monitor,  why  is  one 
output  from  the  3.58-mc  oscillator  delayed 
90°? 

a.  So  the  Y  signal  will  reach  the  matrix 
at  the  proper  time. 

b.  Because  both  +1  and  -I  signals  are 
needed  in  the  matrix. 

c.  To  obtain  the  Q  signal  frooi  the  chromi- 
nance signal, 

d.  This  is  necessary  to  accomplish  afc  tor 
the  oscillator. 

69.  (121)  In  which  section  of  a  color  camera 
chain  are  the  color  signals  modified  to  pro- 
duce the  proper  luminance  variations? 

a.  Sync  generator. 

b.  Colorplexer. 

c.  Processing  amplifier. 

d.  Camera  control. 

70.  (121)  In  which  ways  do  the  preamps  used 
in  a  color  camera  differ  from  the  preamp 
used  in  a  monochrome  camera? 

a.  Preamps  used  for  color  have  high-fre- 
quency peaking  adjustments. 

b.  Preamps  used  for  color  have  low-fre- 
quency adjustments. 

c.  A  monochrome  preamp  has  both  high- 
and  low-frequency  adjustments. 

d.  The  color  preamps  have  both  high-  and 
low-frequency  adjustments. 

71.  (123)  What  outputs  from  the  matrix  of  a 
color  monitor  arc  usually  used  for  color 
temperature  adjustment? 

a.  B  and  G.  c.  I  and  Q. 

b.  B  and  R.  d.  Y  and  R. 

72.  (120)  The  Y  signal  has  the  same  band- 
width as  which  of  the  following  signals? 


a.  Modulated  I.  c.  Chrorwinancc. 

b.  Modulated  Q.  d.  Monochrome. 

73.  <123}  Which  siaj:c  is  necessary  lor  hum 
single-input  and  ihrcc-input  color  monitors; 

a.  Color  killer.  c.  Phase  detector. 

b.  Sync  separator         d.  Mairi.x. 

74.  (123)  Which  condition  normally  causes  tiic 
color  killer  to  cut  off  the  bandpass  ampli- 
fier? 

a.  No  color  burst  sync. 

b.  No  input  to  the  phase  detector, 
e.  No  luminance  signal  received, 
d.  No  3.58-mc  oscillator  output. 

75.  (122)  What  does  the  burst  flau  pulse  con- 
trol? 

a.  Duration  of  the  color  sync. 

b.  Frequency  of  the  color  carrier. 

c.  Width  of  the  back  porch. 

d.  Compntibilii)  with  monochrome, 

76.  (121)  Color  TV  cameras  differ  from  mon- 
ochrome TV  cameras  in  iliat  they  are 

a.  smaller,  less  sensitive  to  light,  and  lur.c 
three  pickup  tubes. 

b.  larger,  have  a  different  optical  .sy.stcin. 
and  have  three  pickup  tubes. 

c.  larger,  have  no  drive  system,  and  liasc 
four  pickup  tubes. 

d.  smaller,  have  a  different  dri\c  system, 
and  a  different  optical  system. 

77.  (121)  Which  of  the  following  purposes  is 
accomplished  by  the  mirror  arranL'cmcnt> 
of  color  T\*  cameras? 

a.  They  prevent  image  burn  of  the  green 
camera  tube. 

b.  They  prevent  image  burn  uf  the  red 
camera  tube. 

c.  They  divide  the  light  image  mto  color 
groups. 

d.  They  shift  the  image  slightly  to  prevent 
burning  of  the  monochrome  camera  tube. 

78.  (120)  Why  are  blue,  green,  ant!  red  used 
as  the  primaries  in  color  TV? 

a.  They  are  good  absorbers  of  \:oU\r  \\ch\. 

b.  They  are  the  only  additive  prnnaries. 

c.  They  are  sensed  equally  by  the  eye. 

d.  They  produce  the  greatest  variations  of 
color. 
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79. 


( 1 20 )  What  size  images  would  be  affected 
if  the  Q  information  in  a  color  signal  was 
incorrect? 


a.  I. a rue. 
h.  Medium. 


c.  Small. 

d.  All. 


SO.  (120)  What  property  of  colored  light  de- 
scribes the  amount  of  white  light  mixed 
with  a  particular  color? 


a.  Hue. 

b.  Saturation. 


c.  Luminance. 

d.  Brishtness. 


81.  (120)    What  can  be  determined  from  a 
chromaticity  diagram? 

a.  Hue  and  saturation, 

•b.  Luminance  and  saturation. 

c.  Luminance  and  hue. 

d.  Compatibility  and  bandwidth. 

82.  (120)   Which  signal  contains  the  3.58-mc 
color  carrier  reference? 


a.  Chrominance. 

b.  Luminance. 


c.  Modulated  Q. 

d.  Composite  color. 
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Preface 

TELEVISION  is  no  spontaneous  presentation;  it  is  a  combined  operation.  The 
video  mosaic  which  appears  on  the  monitor  screen  is  the  result  of  many  skills, 
much  planning,  accurate  timing,  and  sometimes  artistry.  In  .this  course  we  view 
this  complicated  system  of  communications  as  it  concerns  the  television  repairman 
and  technician. 

This  volume  is  the  second  of  a  three-volume  course.  In  Volume  1  we  discussed 
equipment  and  maintenance  requirements  of  the  basic  elements  of  a  television 
system:  image  pickup  devices  at  the  point  of  origin,  the  means  of  transmitting 
closed-circuit  electrical  signals  to  the  intended  receiving  locations,  and  the  fa- 
cilities for  converting  the  signals  to  reproduce  the  images  for  the  viewer.  In 
Volume  2  we  will  discuss  the  maintenance  requirements  and  operation  of 
additional  equipment  required  to  support  various  functions  of  the  television  systems. 
Included  in  this  discussion  arc  the  equipment  for  studio  lighting  systems,  intercom 
facilities,  special  effects,  prompting  facilities,  audio  and  video  recording  systems, 
as  well  as  specialized  equipment  required  for  maintaining  television  equipment. 
A  discussion  of  relay  equipment  in  addition  to  television  VHF  and  UHF  trans- 
mitters, receivers,  antennas,  and  associated  circuitry  is  also  presented  in  this 
volume. 

If  you  have  questions  on  the  accuracy  or  currency  ot  the  subject  matter 
of  this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Ccn 
(TSOC),  Kcesler  AFB  MS  39534. 

If  you  have  questions  on  course  enrollment  or  iiUminlsiration,  or  on  any 
of  Ed's  instructional  aids  (Your  Key  to  Career  Dcvclopmcni,  Study  Reference 
Guides,  Chapter  Review  E.xercises,  Volume  Review  Exercise,  and  Course  Exami- 
nation), consult  your  education  officer,  training  officer,  or  NCO,  as  appro- 
priate. If  he  can  t  answer  your  questions,  send  them  to  ECI,  Gunter  AFB  AL 
36114.  preferably  on  ECl  Vorm  17,  Student  Request  for  As.sistance. 

Ihis  volume  is  valued  at  30  hours  (10  points). 
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Studio  and  Control  Equipment 


e 


SINCE  STUDIO  lighting  affects  the  perfor- 
mance of  the  camera,  lighting  is  an  important 
factor  in  lens  selection.  In  this  chapter  we  dis- 
cuss lighting  prior  to  describing  various  types  of 
auxiliary'  studio  equipment  and  their  mainte- 
nance, and  later  on,  discuss  the  TV  prompter, 
rear  screen  projector,  anu  special  effects  equip- 
ment. Representative  distinctive  circuits  are  an- 
alyzed because  these  circuits  are  required  for  the 
special  effects  generator  and  amplifier.  We  also 
discuss  essential  functions  and  how  they  are  ac- 
complished by  this  equipment.  Finally,  we  discuss 
intercom  systems  that  may  be  used  for  TV. 

1.  Studio  Lighting 

1-1.  Illumination  of  the  studio  set  plays  an 
important  part  in  obtaining  the  best  results  from 
a  TV  camera.  Since  you  as  a  maintenance  man 
need  to  understand  the  effect  of  light  on  camera 
operation,  you  should  know  the  language  of  light- 
ing. You  should  also  know  how  to  obtain  suitable 
illumination  through  the  use  of  various  types  of 
lighting.  With  your  knowledge  of  quality,  inten- 
sity, levels,  and  sources  of  light,  you  can  select 
lenses  and  make  adjustments  with  facility  and  in- 
telligence. 

1-2.  Terms.  The  following  terms  are  generally 
accepted  and  are  becoming  standard  throughout 
the  television  and  motion  picture  industry.  These 
terms  are  generally  used  for  describing  studio  set- 
lighting  layouts  and  for  articles  describing  lighting 
layouts. 

1-3.  Base  Lighting.  Base  lighting  is  the  uniform 
diffused  illumination  (approaching  a  shadowless 
condition)  which  covers  an  entire  set.  It  is  often 
supplemented  by  other  lighting,  such  as  key  and 
fill  lighting.  The  intensity  of  base  lighting  de- 
pends upon  the  sensitivity  of  the  TV  equipment 
being  used;  that  is,  the  amount  of  light  necessary 
10  provide  a  picture  of  technical  acceptability. 
Because  base  light  is  a  well-diffused  light,  we 
know  that  it  must  be  provided  by  either  incan- 
descent floodlights  or  flourescent  lights. 


1-4,  Key  Lighting.  Key  lighting  is  provided  by 
/  the  principal  source  of  directional  illumination 
falling  upon  a  subject  or  area.  This  may  be  na- 
tural light  coming  through  a  window  or  open  door, 
from  a  fireplace,  or  another  source;  or  it  may 
be  artificial  light  coming  from  spodights  with 
special  accessories.  Key  lighting  is  sometimes  di- 
vided into  two  groups — high-key  and  low-key 
lighting — in  order  to  facilitate  discussion  of  scene 
•ilUimination.  with  respect  to  a  gray  scale  of  TV. 
High-key  lighting  usually  results  in  a  picture  hav- 
ing graduations  falling  primarily  between  gray 
and  white,  with  dark  grays  and  black  present  in 
very  limited  areas.  Low-key  lighting,  on  the 
other  hand,  results  in  a  picture  having  graduations 
from  middle  gray  to  black,  with  limited  areas  of 
light  grays  and  white. 

1-5.  Fill  Lighting.  Fill  lighting  is  the  supple- 
mentary illumination  of  portions  of  a  scene  or  set 
to  control  shadoy/  or  contrast.  Fill  light  is  some 
type  of  diffused  light,  supplied  by  any  of  a  num- 
ber of  sources.  For  example,  fill  light  would 
illuminate  the  opposite  side  of  a  key-lighted  sub- 
ject, thus  bringing  out  the  details  which  other- 
wise would  have  been  lost. 

1-6.  Effects  Lighting.  Effects  lighting  is  illu- 
mination resulting  in  the  simulation  of  special 
effects  such  as  firelight,  clouds,  or  window  light. 
This  type  of  lighting  may  be  used  to  simulate 
flashes  of  light  from  explosions,  for  example,  in 
making  military  training  lessons.  Among  other 
studio  aids  which  we  will  study  in  the  following 
section  are  rear  screen  projectors,  which  are  some- 
times used  to  produce  effects  lighting. 

1-7.  Other  Lighting.  There  are  a  number  of 
designations  given  to  lights  used  for  a  specific 
purpose.  These  would  include  cross,  back,  side, 
eye,  and  set  lights,  which  are  used  as  indicated 
by  the  name.  It  is  necessary  for  the  maintenance 
man  to  be  aware  of  the  usage  of  these  lights,  in 
anticipation  of  limited  maintenance.  This  mainte- 
nance will  be  determined  in  most  cases  the 
extent  of  light  used  by  the  production  agency. 
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Figure  L    Relative  light  energy, 

1-8..  Requirements.  The  requirements  for  good 
light  are  directly  related  to  the  quality  of  the 
desired  television  image.  In  some  instances  the 
available  light  can  be  controlled,  while  in  others 
it  cannot.  If  the  light  is  to  be  controlled,  the 
maintenance  man  will  set  up  his  TV  equipment 
accordingly;  if  uncontrolled  light  is  to  be  used, 
the  optimum  performance  settings  must  be  ad- 
justed to  average  light  conditions,' 

1-9.  It  is  known  that  spectral  characteristics 
of  a  light  source  should  be  compatible  with 
those  the  camera  pickup  tube  used  and  be  psy- 
chologically suited  to  the  personnel  in  the  studio. 
Figure  1  shows  the  relative  characteristics  of  sev- 
eral light  sources;  The  first  curve  (dashed  line) 
represents  the  energy  from  solar  radiation.  Note 
that  this  curve  is  relatively  flat  and  approaches 
white  light  (which  contains  all  frequencies). 

1-10.  The  second  curve  shows  the  relative  en- 
ergy from  a  typical  incandescent  light  source. 
Most  of  its  energy  falls  in  the  red  region  (6000 
to  8000  angstroms).  For  this  reason,  incandescent 
lamps  appear  yellow  or  slightly  red  to  the  human 
eye.  The  response  of  the  human  eye  to  any  light 
source  is  determined  by  the  relative  sensitivity  of 
the  human  eye  as  represented  by  the  third  curve 
in  figure  1. 

1-11.  In  Volume  1  you  learned  that  both  the 
image  orthicon  and  the  vidicon  have  response 
curves  closely  resembling  the  sensitivity  curve  of 


the  eye.  Although  both  tubes  will  perform  satis- 
factorily as  pickup  tubes,  ihcy  are  sensitive  to 
light  levels.  The  spectrum  of  light  is  good  for 
both:  but,  as  you  know,  ihc  image  orthicon  is 
much  more  sensitive  than  the  vjdicon.  Minimum 
lighting  level  for  producing  good  pictures  lies 
between  32  and  64  footcandles  with  an  f:8  lens. 
The  average  TV  installation  should  be  capable  of 
producing  200  footcandles  of  illumination  on  any 
given  scene  to  permit  flexibility  in  the  control 
of  lighting  and  lens  stops. 

1-12.  Again  referring  lo  figure  I.  we  sec  that 
where  the  energy  of  the  incandescent  lamp  is 
weakest  the  sensitivity  of  the  eye  is  strongest. 
Since  the  sensitivity  of  camera  tubes  and  the  eye 
compare  favorably,  we  can  assume  that  the  in- 
candescent lamp  is  a  good  light  source  for  TV. 
Fluorescent  lighting  is  weak  in  the  red  regions; 
therefore,  skin  tones  appear  darker.  It  is  for  this 
reason  that  fill  or  key  light  of  an  incandescent 
source  must  be  used  with  fluorescent  lighting. 
This  kndwiedge  of  proper  lighting  techniques  \s 
important  to  the  maintenance  man  making  camera 
adjustments. 

1-13.  Equipment  Types.  The  control  of  light 
mtensity  usually  requires  more  than  turning  lights 
off  and  on  in  a  studio  area.  Auxiliary  equipment 
is  required  to  produce  the  types  of  lighting  we 
have  discussed  and  to  meet  the  requirements  of 
good  lighting.  Some  studios  are  equipped  with  a 
control  center  containing  master  switches,  branch 
circuit  switches,  group  dimmer  controls,  and  in- 
dividual dimmers  to  aid  in  control  of  the  lighting. 
As  an  additional  aid  in  the  achievement  of  good 
lighting,  patching  facilities  may  be  included.  Their 
addition  permits  the  patching  of  dimmers  and 
switches  into  various  circuits  to  control  illumina- 
tion at  different  points  with  a  minimum  of  equip- 
ment. For  convenience  and  to  increase  versatil- 
ity, equipment  which  permits   horizontal  and 
vertical  movement  of  lighting  fixtures  is  usuallv 
provided. 

1-14.  You  must  realize  that  there  may  be 
studio  operations  where  the  lighting  is  maintained 
by  a  section  other  than  the  TV  maintenance  sec- 
tion. However  since  lighting  is  sometimes  main- 
tained by  the  TV  maintenance  section,  it  is  im- 
portant that  you  know  the  lighting  requirements 
and  are  prepared  to  perform  maintenance  if  nec- 
essary. Some  of  the  generally  preferred  light 
sources  are  incandescent,  fluorescent,  and  mer- 
cury-vapor lamps.  The  most  widely  used  is  the 
incandescent  source  and  it  is  grouped  into  the 
following  types:  floodlights,  spotlights,  strip 
lights,  and  Effects  lights. 

1-15.  Floodlights  arc  those  used  to  cive  a  wide- 
ancle  general  illumination  or  base  lighting.  An 
incandescent  floodlight  consists  of  a  lamp  socket. 
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lamp,  reflector,  and  diffuser  lens.  The  device  may 
be  any  size  from  10  to  18  inches  in  diameter  and 
have  lamps  varying  from  500  to  2000  watts.  The 
maintenance  of  this  type  of  floodlight  will  prob- 
ably consist  of  lamp  replacement  or  winng  re- 
pair. An  important  part  of  this  type  of  mamte- 
nance  is  the  exact  replacement  since  equipment  is 
set  up  for  a  given  light  level.   If  a  different 
wattage  lamp  or  a  different  size  or  type  of  re- 
flector were  substituted,  the  equipment  would 
have  to  be  adjusted  accordingly.  Sometimes  fluo- 
rescent floodlights  are  used  if  light  manipulation 
or  control  is  not  a  significant  factor.  However, 
because  of  the  weakness  of  fluorescent  light  in 
the  red  regions,  there  should  always  be  some  in- 
candescent lighting. 

1-16.  Spotlights  come  in  a  wide  variety  of  sizes 
(from  3  to  16  inches  in  diameter)  and  use  in- 
candescent lamps  ranging  from  75  to  5000  watts. 
Spotlights  also  may  have  specially  shaped  reflec- 
tors to  direct  the  light  beam  into  a  designated 
ge'-inetric  pattern.  For  additional  pattern  control, 
some  spotlights  have  iris  and  shutter  facilities 
which  can  be  adjusted.  In  all  instances,  it  is 
important  that  during  maintenance  only  exact  re- 
placements are  made  due  to  light  level  require- 
ments. 

1-17.  Strip  lights  are  useful  in  background 
lighting,  as  base  lighting,  top  lighting,  or  Jill 
lighting.  In  some  applications,  strip  lights  will 
function  as  floodlights  for  base  lighting.  At  other 
times  strip  lights  will  fill  the  lieed  for  effects 
lights.  Since  all  lighting  directly  affects  image  il- 
lumination as  seen  by  the  camera,  repairs  must 
be  on  an  exact  replacement  basis  to  insure  opti- 
mum operation  of  equipment. 

1-18,  Operational  placement  of  lights  and 
their  c  mtrols  normally  is  not  the  respcnsibility  of 
the  maintenance  section.  However,  you  should  be 
aware  of  their  placement  during  operation  so  that 
you  can  quickly  make  necessary  repairs.  If  you 
are  required  to  perform  maintenance  on  con- 
trols and  patch  panels,  you  should  be  familiar  with 
their  location,  function,  and  routine  maintenance 
procedures. 

1-19.  Lenses.  The  average  image  orthicon 
camera  pickup  tube  (reference  Volume  1)  re- 
quires a  minimum  light  level  of  approximately  50 
footcandles  incident  with  a  lens  opening  (stop) 
of  f:8.  The  larger  the  "f  number  of  the  lens 
setting,  the  less  the  amount  of  light  that  will  reach 
the  photocathode.  The  image  orthicon  tube  does 
not  have  the  same  pickup  quality  as  photographic 
film;  lens  openings  as  low  as  f:1.9  can  be  used 
but  the  technical  quality  will  not  be  good.  If  a 
large  amount  of  light  is  used  or  is  present,  the 
lens  "f  number  may  be  as  high  as  f:16. 


1-20.  The  TV  camera  uses  lenses  similar  or 
identical  to  ordinary  film  camera  lenses.  These 
lenses  are  used  to  focus  an  image  of  the  viewed 
scene  upon  the  photosensitive  element  in  the 
camera  pickup  tube.  The  image  orthicon  cam- 
eras generally  use  35mm  optics,  while  vidicon 
cameras  use  1 6mm  optics.  The  16mm  lenses  for 
vidicon  film  cameras  are  usually  of  short  focal 
lengths  (approximately  3  inches).  The  35mm 
lenses  used  on  most  field  and  studio  cameras  in- 
clude closeup  lenses  with  focal  lengths  from  35mm 
to  1 35mm.  and  middle  to  long  distance  lenses 
with  focal  lengths  from  8'/2  inches  to  25  inches. 

1-21.  Most  studio  and  field  cameras  have  a 
four-lens  turret  to  accommodate  a  variety  of 
lenses  of  different  focal  lengths.  With  the  lenses 
preset,  thev  may  be  switched  by  turning  the  lens 
turret.  No' adjustment  is  necessary.  Most  lenses 
have  iris  or  diaphragm  mechanisms  built  in  which 
would  be  a  part  of  the  preset  adjustments.  A 
maintenance  repairman  will  be  concerned  with 
the  adjustments  made  during  setup;  from  there 
on  the  adjustments  are  made  by  the  camera  op- 
erator. Otherwise,  the  chief  concern  of  mainte- 
nance is  the  cleaning  of  the  lenses  and  checking 
for  any  damage  to  optical  or  mechanical  parts. 
Normally,  there  will  be  no  repair— only  removal 
and  replacement. 

1-22.  An  additional  lens  type  is  the  zoom  lens, 
which  is  a  lens  assembly  of  continuously  variable 
focal  leneth.  There  are  a  number  of  types  of  zoom 
lenses  available  and  in  use.  Some  of  these  types 
are  quite  simple  and  may  be  mounted  on  the 
lens  turret  in  addition  to  standard  lenses.  Other 
versions  of  the  lens  are  manually  or  electrically 
controlled  and  are  the  only  lens  on  the  camera; 
their  mounting  requires  removal  of  the  lens  tur- 
-  ret.  Again,  the  maintenance  of  this  lens  is  usu- 
ally limited  to  cleaning  or  removal  and  replace- 
ment. 

1-  23.  With  the  various  lens  configurations 
available,  it  is  possible  to  make  many  choices  of 
lens  units.  Normally  you  are  not  required  to 
make  this  choice  or  selection  as  the  equipment 
is  equipped  with  a  lens.  It  is  important  that  you 
do  not  interchange  lenses  during  cleaning,  inspec- 
tion, or  other  maintenance.  For  this  reason,  you 
must  have  a  working  knowledge  of  lenses. 

2.  Studio  Aids 

2-  1.  In  this  section  we  will  discuss  two  basic 
groups  of  studio  aids— TV  prompters  and  rear 
screen  projectors.  The  basic  construction  and 
maintenance  requirements  as  well  as  some  of  the 
electrical  circuits  of  a  TV  prompter  will  be  con- 
sidered. The  rear  screen  projector  portion  will 
include  the  fundamental  advantages  and  disad- 
vantages in  comparison  with  other  types  of  pro- 
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Figure  2.    Block  diagram  of  a  basic  TV  prompting  unit 

jectors.  General  construction,  maintenance  re- 
quirements, and  repair  features  of  both  groups 
will  also  be  developed  in  this  section. 

2-2.  TV  Prompter*  TV  prompting  is  any  verbal 
or  visual  means  of  supporting  program  scripts. 
Verbal  prompts  are  usually  given  by  a  script- 
following  prompter  near  the  speaker.  Examples 
of  visual  prompting  devices  are  cue  cards,  front 
and  rear  screen  projectors,  semitransparent  mir- 
rors, and  roll  or  scroll  type  equipment.  In  this  dis- 
cussion we  are  concerned  with  a  typical  roll  or 
scroll  type  prompter  which,  unseen  by  the  audi- 
ence, unrolls  a  prepared  script,  line  by  line,  to 
aid  the  speaker. 

2-3.  A  typical  scroll  TV  prompter  can  be 
considered  as  a  single  unit  containing  several 
sections.  Figure  2  illustrates  the  sections  and  the 
relationship  between  them.  The  scroll  section 
contains  a  d-c  motor,  a  gear  train,  two  reels,  and  • 
the  paper  upon  which  the  information  is  printed. 


This  section  is  usually  mounted  on  or  near  a  tele- 
vision camera  with  each  camera  having  its  own 
scroll  section.  The  control  section  is  comprised  of 
a  power  supply,  control  circuits,  and  synchroniz- 
ing  circuits.  The  d-c  amplifiers  constii'uic  a  sep- 
arate section  which  feeds  the  scroll  motors.  The 
amplifier  section  contains  two  identical  circuits, 
each  one  of  which  controls  an  individual  scroll. 
The  speed  and  forward-reverse  controls  arc  lo- 
cated in  the  remote  control  section. 
'  2-4.  Circuit  analysis.   The   circuit  diagram, 
shown  in  figure  3.  illustrates  the  basic  electronic 
functions  of  a  prompting  unit,  with  the  exception 
of  the  power  supply.  The  bleeder,  Rl.  R2,  R3, 
and  R4,  serves  as  a  voltage  divider  network  in- 
corporating potentiometer  R2.    Note  that  the 
bleeder  network  is  tapped  at  two  different  points. 
A  portion  of  the  d-c  voltage  is  selected  at  point 
R2  and  applied,  through  resistors  R5  and  R6,  to 
the  grids  of  VI  and  V2,  respectively.  The  tap  be- 
tween resistors  R3  and  R4  supplies  the  operating 
voltage  for  relay  Kl.  Both  switch  SI  and  relay 
Kl  are  shown  in  their  normal  (open)  positions. 
When  SI  is  closed,  a  d-c  voltage  is  applied  to  one 
set  of  the  coil  windings  for  Kl  and  the  relay  ener- 
gizes (SI  also  controls  the  relay  for  the  other 
motor).  With  BH-  present  at  the  center  contact 
of  Kl  and  the  movable  contacts  pulled  up,  B-l-  is 
applied  (through  the  windings  of  motor  Ml)  to 
the  plate  of  VI.  Amplifier  VI  then  conducts  and 
current  flows  through  the  windings  of  the  motor, 
causing  the  motor  to  run  in  the  forward  direction. 
The  motor  is  reversed  by  simply  placing  switch 
SI  in  the  other  on  position,  thus  applying  vol- 
tage to  the  other  set  of  windings  Kl.  This  causes 
Kl  to  energize,  the  movable  contacts  to  be  pulled 
down,  and  B+  to  be  applied  (through  the  wind- 


Figure  i.    Diagram  of  amplifier  and  control  circuits  of  a  basic  TV  prompter. 
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ings  of  motor  MI)  to  the  plate  of  amplifier  V2. 
Amplifier  V2  then  conducts  and  current  flows 
through  the  windings  of  motor  Ml  in  the  oppo- 
site direction,  thus  reversing  the  motor.  The 
motor  spe;  4  is  varied  by  adjusting  R2  which  var- 
ies the  amount  of  voltage  applied  to  the  amplifier 
grids  (R2  also  controls  the  other  scroll  motor). 
Resistors  R7  and  R8  are  balance  controls  and  are 
necessary  for  adjusting  the  individual  motor 
speeds  (forward  and  reverse).  A  start-stop  sys- 
tem (not  shown),  initiated  by  the  script  paper, 
provides  for  synchronizing  the  scroll  motors. 

2-5.  Maintenance  requirements.  The  TV 
prompter  maintenance  requirements  include 
cleaning  and  inspecting  the  prompter  and  re- 
placing damaged  or  broken  components.  All  in- 
terconnecting cables  and  connectors  must  be 
inspected  periodically  to  insure  that  there  are  no 
broken  connections.  Periodic  inspection  and  clean- 
ing of  the  synchronous  motors  and  gear  trains  is 
necessary  to  prevent  binding  and  sluggish  move- 
ment. The  relay  contacts  must  also  be  cleaned  at 
periodic  intervals  to  prevent  arcing,  sticking,  poor 
connection  between  contacts,  or  other  undesirable 
effects. 

2-6.  Troubleshooting   and  repair.  Trouble- 
shooting the  TV  prompter  unit  is  comparatively 


simple.  The  most  frequent  malfunctions  occur  in 
tubes,  fuses,  cables,  and  cable  connectors.  For 
example,  you  find  that  the  motor  runs  at  a  normal 
forward  speed,  but  runs  very  slowly  in  reverse 
with  minor  speed  variations  when  the  balance 
control  is  adjusted.  A  possible  cause  of  the 
trouble  is  a  weak  amplifier  tube  in  the  reverse 
circuit.  If,  on  the  other  hand,  the  motor  runs 
very  slowly  in  either  direction,  the  probable  cause 
is  a  sluggish  gear  train. 

2-7.  Rear  Screen  Projection  Methods.  Several 
types  of  rear  screen  projectors  and  projection 
methods  are  employed  in  television  production. 
You,  as  a  maintenance  technician,  must  be 
familiar  with  the  varied  types  of  equipment  and 
the  requirements  necessary  for  normal  operation 
of  this  equipment.  In  many  instances  the  famil- 
iar 35mm  slide  projector,  with  increased  lighting, 
may  be  used  to  satisfy  the  rear  screen  projection 
requirements.  With  this  in  mind,  we  will  explain 
the  basic  operation  and  variations  employed  in 
rear  screen  projectors, 

2-8.  Stages,  The  stage  of  a  projector  is  that 
.  portion  of  it  upon  which  the  object  is  positioned 
for  display.  A  stage  may  be  either  vertical,  hori- 
zontal, or  a  combination  of  both  (see  fig.  4). 
Though  much  of  the  projection  is  accomplished 
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Figure  4,    Basic  rear  screen  projector. 
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by  the  use  of  transparencies,  other  items  such  as 
^^^^^^fi^*^"  °'  photographs  may  be  pro- 
jected.  \Vhen  an  opaque  object  is  projected,  the 
horizontal  stage  is  obviously  preferable  to  a  verti- 

the  stege  On  the  other  hand,  a  vertical  staae  is 
graph         P'oi««'n8  a  transparency  or  photo- 

2-9.  Mirrors.   Mirror  action  is  governed  by 
two  aws  of  reflection.  The  first  law  limply  state 
that  the  angle  of  mcidence  is  always  equal  to  the 
angle  of  reflection.  In  other  woVds.  light  rl« 

ured  from  the  normal  or  perpendicular  to  the 
mirror  surface.  The  second  law  states  that  the 
incident,  reflected,  and  normal  rays  lie  in  the 
same  plane.  An  understanding  of  these  two  laws 

?  J?.!"'/^n^       ^'-S"""*"'  of  projector  mirrors. 
Figure  5  illustrates  these  laws. 

2-10.  Semitransparent  mirrors  are  frequently 
used  in  rear  screen  projectors  and  are  sometimes 
referred  to  as  half-silvered  mirrors.  Mirrors  of 

iotT  i'"'      P'°P'"y  °'  '«"«"i''8  from  the 
lighted  side  and  at  the  same  time  being  trans- 
parent from  the  dark  side.  When  both  stases  in 
figure  4  are  lighted,  the  two  displays  are  super- 
imposed   The  use  of  this  particular  type  of 
mirror  facilitates  certain  projection  techniques- 
the  image  from  one  stage  can  be  deflected  through 
the  lens;  also,  the  image  from  a  second  stage  can 
be  projected  through  the  mirror  into  the  same 
lens.  The  most  important  disadvantage  of  this 
type  of  mirror  is  its  light  absorption  characteris- 
tics. -J'mitransparent  mirrors  are  not  very  effi- 
cient sine?  30  percent  of  the  light  delivered  is  not 
reflected  or  transmitted  but  is  absorbed  by  the  . 
glass  and  silver  coating. 

2-1 1.  Depending  upon  design  features,  com- 
binations of  front  surface  and  semitransparent 
mirrors  may  be  contained  in  rear  screen  projec- 
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uon  equipment.  Care  must  be  exercised  to  insure 
that  all  reflected  images  will  be  projected  along 
approximately  the  same  optical  axis.  If  the  ima-ef 
are  not  projected  on  nearly  the  same  optical 
axis,  keystone  effect  will  occur.  Figure  4  is  a„ 
example  of  a  more  simplified  projector  using  a 
single  semitransparent  ,  mirror  to  permit  opera- 
tion from  one  of  either  of  the  two  stages.  Note 
that  the  mirror  is  so  aligned  as  to  project  the 
image  from  either  stage  along  the  same  optical 

3XlS» 

2-12.  Lenses.  The  physical  assembly  of  lenses 
if"'^"!  projection  machines  differs  from 
those  designed  for  camera  operation.  Projection 
lenses  are  less  complicated  due  to  the  fact  that 
they  are  required  only  to  change  the  focal  dis- 
ance  of  the  projected  image.  Unlike  camera 
enses  they  are  not  required  to  control  the  quan- 
tity of  light  from  the  projection  machine. 

2-13.  Lighting.  Lighting  methods  for  the  pro- 
jection of  opaque  objects  and  photographs  differ 
from  those  used  for  transparencies.  The  lights 
are  placed  in  front  of  the  stage  for  opaque  objects 
and  photographs,  and  behind  the  stage  when 
transparencies  are  used.  An  example  of  light 
placement  is  shown  in  figure  4. 

2-14.  The  light  necessary  for  rear  screen  pro- 
jection  IS  much  greater  than  for  front  screen 
projection.  A  front  screen  projector,  for  exam- 
ple, requires  only  100  watts  to  project  a  6-  x 

A,'^^'  ^  'ear  screen  projector 

needs  1000  watts  to  project  a  picture  of  the  same 
size.  Depending  upon  the  studio  lighting,  a  typi- 
cal  rear  screen  projector  will  require  more  or 
less  light  energy  to  cover  the  projection  screen 
without  noticeable  fall-off  of  intensity  around  the 
edges  of  the  screen.  The  best  general  rule  to 
follow  IS  to  place  the  subject  to  be  viewed  in 
the  projector  and  adjust  the  lighting  for  the  best 
picture.  The  exact  amount  of  Illumination  will 
depend  on  how  much  front  lighting  is  used  on  the 
projection  screen,  density  of  the  transparency 
type  of  scene  being  projected,  screen  size,  and 
degree  of  light  fall-off.  Studio  lighting  sources 
must  not  be  directed  toward  the  projection 
screen.  Fall-off  and  scene  types  will  be  included 
in  the  discussion  of  rear  projection  screens. 

2-15.  Some  rear  screen  projectors,  especially 
I6mm,  employ  carbon  arc  lights  for  illumination. 
Caution  must  be  exercised  when  using  this  type 
of  lighting  due  to  the  fumes  emitted.  Blowers  and 
a  venting  system  should  be  installed  to  carry  the 
fumes  from  the  immediate  area. 

2-16.  Since  rear  screen  projectors  require  a 
high  light  level  for  operation,  blowers  are  in- 
stalled to  provide  the  necessary  cooling.  Cooling  ' 
the  equipment  also  helps  to  prevent  damage  to 
the  object  being  projected. 
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2-17  Other  features.    Many  other  features 
can  be'incorporated  in  the  rear  screen  projector 
which  would  facilitate  a  more  complete  opera- 
tional capability.  Such  features 
switches  dimmer,  and  iris  controls.wil  mprove 
the  nexibility  of  the  rear  screen  projector  More 
complex  equipment  may  also  con  am  both  vem 
cal  and  horizontal  crawl  mechamsms-a  means 
moving  a  film  strip  across  the  stage  at  an 
even  rate  of  speed.  .  . 

2-18.  Some  means  of  wiping  an  image  can  be 
employed  when  using  even  the  simplest  of  pro- 
tectors   Wiping  is  the  process  of  removmg  or 
Using  all  or  a  portion  of  one  display-often 
accomplished  with  another  display.  An  image 
may  be  wiped  either  vertically,  horizontally,  dia- 
gonally.  or  by  any  combination  o  these.  If  the 
wiping  action -IS  accomplished  vertically  the  new 
display  will  enter  either  from  the  right  or  left^ 
Horizontal  wiping  is  done  with  the  new  display 
entering  from  the  top  or  bottom  of  the  original 

^'^2-19  Screerts.   Commercially  produced  rear 
projection  screens  are  expensive  and  unnecessary 
IhL  fall-off  is  not  a  Problem.  Many  other  ma 
terials  are  more  readily  available  and  are  ade 
quate    under   certain   circumstances.  Taung 
paper,  cloth,  oiled  canvas,  white  Koroseal  and 
Uite  latex  are  some  common  "latenals  that  c  n 
be  purchased  from  local  outlets  Some  considera 
'on  must  be  given  to  the  size  of  the  P'cture  to  b 
projected  since  a  small  picture  will  show  the 
material  grain,  thus  destroying  much  of  the 

""tlO  ^projection  screen  must  be  designed 
so  that  it  will  diffuse  light  and  still  pe'tnit  the 
mage  to  project  through  it.  Since  a  clear  screen 
aUows  light  ti  pass  directly  through  it.  the  camera 
sees  on  y  a  point  of  light.  This  point  of  l.ght  >s 
referred  to  as  a  "hot  spot.  '  Because  projection 
creens  cannot  be  designed  to  diffuse  light  pro- 
portionally in  all  directions,  l.ght  intensity  de- 
?re^es  from  the  center  toward  the  outer  edges. 
This  characteristic  is  called  fall-off. 

2-21.  Two  intrinsic  properties  to  be  consulered 
in  selecting  a  projection  screen  are  its  light  ab- 
orption  and  reflection  characteristics.  Both  of 
these  properties  affect  the  reproduction  of  dark 
scenes  since  the  ability  of  the  P/ojection  screen 
to  reproduce  dark  scenes  depends  upon  the  nat- 
Lra  tone  of  the  screen  when  the  projector  -s 
turned  off.  The  white  projection  screen  reflects 
much  light  and  absorbs  very  little  light;  there- 
To^e  it  darkest  tone  is  milkish  gray.  In  contrast 
a  b  ack  -projection  screen  gives  excellent  dark 
one  eprSduction;  however  it  has  such  a  high 
absorption  factor  that  fall-off  is  rapid  and  notice^ 
My,  distracting  to  a  viewer.  Thus,  both  white 


and  black  screens  have  disadvantages.  A  com- 
promise, however,  has  been  reached  with  the  de- 
velopment of  the  blue  projection  screen.  While 
it  absorbs  much  of  the  reflected  light,  the  blue 
screen  does  provide  a  good  response  with  regard 

to  fall-off.  _ 

2-2"'  Maintenance  requirements.  Rear  screen 
proiecTors  require  only  minor  maintenance; 
cleaning  and  inspection  will  suffice  in  most  in- 
stances. Projectors  employing  blowers  and  similar 
moving  parts  require  lubrication  at  periodic  in- 
tervals. Alignment  of  projectors  must  be  consid- 
ered on  an  individual  basis.  Equipment  design 
and  application  are  two  principal  factors  deter- 
mining the  extent  and  types  of  maintenance  re- 
quired. 

2-23  Cleanini:  of  the  mirror  and  lens  sur- 
faces is  of  grea't  importance  because  dirt  and 
smudges  decrease  their  operating  efficiency.  Cau- 
tion must  be  exercised  when  performing  these 
tasks    A  nonabrasive  lens  tissue  and  approved 
liquid  lens  cleaner  are  recommended  for  use  on 
the  mirror,  lens,  and  other  glass  surfaces^  Other 
■  types  of  cleaning  material  should  not  be  used 
sSce  any  scratches  or  marks  on  these  surfaces 
would  cause  permanent  damage  and  decrease 
the  efficiency  of  the  mirror  and  lens  components. 

2-24.  Lamps  should  be  checked  period.caUy 
and  any  cloudy  bulbs  replaced.  Cloudy  bulbs 
produce  less  light,  thus  decreasing  the  operating 
Capabilities  of  the  projector.  Maintammg  time  lop 
on  the  projector  lamps  aids  in  determining  bulb 
life.  Changing  bulbs  within  their  expected  life 
period  reduces  the  possibility^^,  equipmem  fail- 
ure during  operation. 

-i.lS  There  are  three  important  factors  when 
aligning  a  rear  screen  projector:  (  H  stability  of 
projector  base.  (2)  centering  relationship  be- 
tween the  projector  and  projection  screen,  and 
(3)  angular  relationship  between  the  projector 
and  projection  screen.    Because  the  slightest 
movement  of  the  projector  will  be  amplified  on 
the  projection  screen,  the  projector  must  oe 
placed  upon  a  solid  base.  To  permit  clear  focus- 
ing of  the  display  over  the  entire  screen,  the 
projector  must  be  centered  in  relation  to  the  pro- 
jection screen.  To  prevem  keystone  effect,  all 
projections  must  be  perpendicular  to  the  projec- 
tion screen.  „ 

2-26  Troubleshooting  and  repair.  Kear 
screen  projectors  are  simple  to  troubleshoot  and 
repair  compared  to  other  equipment  m  a  TV 
system.  Most  of  the  repair  is  confined  to  the  re- 
placement of  broken  mirrors,  fuses,  projection 
bulbs,  defective  power  cords,  and  other  similar 
items.  When  peculiar  problems  are  encountered, 
the  maintenance  instructions  for  that  particular 
projector  should  be  consulted. 
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Figure  6.    Relationship  of  special  effects  equipment 
showing  essential  inputs  and  outputs. 

2-  27.  Lei  us,  however,  consider  some  exam- 
ples of  troubJeshooling  and  repair.  If  a  low  level 
of  illumination  of  the  projected  image  were  dis- 
covered during  operation  and  it  is  judged  to  be 
common  from  more  than  one  stage,  a  likely  cause 
is  cither  dirty  mirrors  or  a  dirty  projection  lens. 
Should  the  problem  be  evident  from  only  one 
stage,  the  probable  cause  is  a  cloudy  lamp.  In 
either  instance  correction  is  quite  simple.  If  the 
first  example  proves  to  be  true,  cleaning  the  lens 
and  mirrors  will  eliminate  the  difficulty.  Re- 
placement of  the  lamp  in  the  second  example 
will  rectify  the  problem.  These  are  two  examples 
of  the  most  common  troubles  encountered  in  rear 
screen  projectors. 

3«  Speciol  Effects  Equipment 

3-  1.  A  multitude  of  special  effects  and  pat- 
terns can  be  achieved  electronically  as  well  as 
mechanically.  Our  concern  will  be  with  those 
electronically  produced  by  auxiliary  studio  equip- 
ment— i.e.,  the  special  effects  generator  and  the 
special  effects  amplifier.  The  effects  amplifier, 
which  receives  two  picture  signals,  combines  the 
picture  signals  into  a  montage  display  that  is' 
determined  by  the  keying  signal.  Although  the 
keying  signal  can  be  obtained  from  a  third 
camera,  the  special  effects  generator  is  advan- 
tageous when  versatility  and  convenience  are  im- 
portant. Figure  6  illustrates  the  relationship  of 
the  special  effects  equipment  to  each  other  and 
to  a  switcher.  Note  the  inputs  and  outputs  shown. 
The  power  supply  (not  shown)  is  generally  a 
separate  unit.  It  it  a  type  of  voltage  regulated 
supply  which  you  have  studied  previously  in 
X'olunic  1.  Chapter  2.  of  this  course. 


3-2.  Special  Effects  Generator.  A  few  special 
effects  patterns  are  illustrated  in  figure  7.  The 
small  arrows  indicate  the  direction  of  the  wipe. 
Two  pictures  can  be  presented  and  wiped  in  a 
wide  variety  of  ways  with  different  keying  signals 
produced  by  the  special  effects  generator.  "The 
keying  signal  needed  for  a  particular  pattern  is 
obtained  by  activating  a  regenerative  clipper  cir- 
cuit with  different  waveforms.  To  gain  a  knowl- 
edge of  how  this  may  be  done,  let's  analyze  the 
circuit  shown  in  figure  8. 

3-3.  Perhpas  you  recognize  this  circuit  since 
it  is  commonly  used  to  obtain  rapid  switching 
action.  Although  we  referred  too  it  earlier  as  a 
regenerative  clipper,  it  is  also  known  as  a 
Schmidt  trigger  circuit.  Wc  have  shown  a  transis- 
tor version;  its  operation  is  essentially  the  same 
as  a  circuit  incorporating  tubes 

3-4.  We  have  chosen  an  input  signal  which 
is  a  sawtooth  of  constant  peak-to-peak  amplitude 
that  is  steadily  rising.  This  type  of  input  is  ob- 
tained when  a  sawtooth  of  one  frequency  is 
superimposed  (mixed)  with  a  sawtooth  of  a  much 
lower  frequency.  For  example,  a  15,750-cps  saw- 
tooth can  be  combined  with  a  60-cps  sawtooth 
to  produce  an  input  similar  to  that  illustrated. 
You  should  realize,  however,  that  only  a  few 
cycles  of  the  higher  frequency  are  shown.  More- 
over, these  cycles  are  not  to  scale  for  the  fre- 
quencies cited.  We  have  exaggerated  the  input 
change  per  cycle  to  emphasize  the  variation  of 
pulse  widths  that  results  at  the  output.  The  action 
of  the  circuit  is  what  you  need  to  understand  to 
appreciate  how  the  various  outputs  are  generated 
for  keying. 

3-5.  Note  in  figure  8  that  a  dashed  horizontal 
line  is  drawn  through  the  input  signal.  We  will 
consider  this  line  a  d-c  reference,  which  is  the 
cutoff  bias  f base-to-emitter)  of  transistor  01 
and  is  called  the  threshold  potential.  It  is  ap- 
propriately named  because  the  circuit  is  acti- 
vated each  time  this  potential  is  crossed  by  the 
input  signal. 

3-6.  The  circuit  is  designed  so  that  when  01 
is  cut  off,  02  is  at  maximum  conduction  and  vice 
versa.  Assuming  02  is  cut  off,  the  output  is  low 
(-V....)  as  illustrated  at  to.  Thus  01  is  con- 


Figure  7.    Special  effects  patterns, 
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Figure  8.    Regenerative  clipper. 


c 


ducting  and  its  collector  potential  is  high  (mini- 
mum negative).  This  condition  will  prevail  until 
the  input  signal  drives  Ql  to  cutoff.  Observe 
that  the  input  signal  rises  from  time  to  and  reaches 
the  threshold  potential  at  which  time  Ql  be- 
comes cutoff.  Its  collector  voltage  goes  to  -V.. 
and  a  negative  signal  is  instantaneously  coupled 
to  the  base  of  Q2.  driving  Q2  into  conduction. 
Because  the  emitter  resistor  is  common  to  Ql 
and  Q2.  a  regenerative  feedback  occurs.  The 
conduction  of  Q2  drives  the  emitter  of  Ql  more 
negative  (further  into  cutoff).  This  action  ac- 
counts for  the  rapid  switching  action  that  charac- 
terizes a  regenerative  clipper.  The  output  switches 
from  its  low  state  to  its  high  state  as  shown. 
During  time  interval  Tl,  the  output  remains  high. 
This  interval  is  terminated  when  the  input  signal 
again  crosses  the  threshold  potential.  Now,  how- 


ever, Ql  is  driven  into  conduction,  Q2  is  cut 
off,  and  the  output  goes  low  again. 

3-7.  The  output  changes  from  one  stable  state 
to  another  every  time  the  input  crosses  the  thres- 
hold potential.  In  other  words,  the  circuit  is 
basically  a  triggered,  bistable  multivibrator.  By 
causing  the  input  sa^ytooth  to  rise  steadily,  the 
pulse  width  of  the  high-level  output  progressively 
increases.  Notice  that  interval  T2  is  greater  than 
Tl  and  that  T3  is  greater  than  T2.  Likewise, 
note  that  the  pulse  width  of  the  low-level  output 
decreases  proportionally  since  the  input  saw- 
tooth frequency  is  constant. 

3-8,  Figure  9, A,  shows  the  special  effects  pat- 
tern produced  when  a  15,750-cps  sawtooth  and 
60-cps  sawtooth  are  combined  to  drive  the  re- 
generative  clipper.  This  diagonal  pattern  dis- 
plays two  pictures  (identified  as  I  and  2  in  the 
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Figure  9.    Special  effects  Iceying  signals  for  horizontal  lines  shown  in  the  patterns. 
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Illustration).  To  the  right  of  the  pattern  are 
shown  the  keying  signals  that  correspond  to  spe- 
cific horizontal  lines  (scans).  Each  signal  is 
marked  to  indicate  the  amount  of  time  pictures 
1  and  2  are  displayed  per  line.  Note  the  similar- 
ity of  these  signals,  and  their  inputs,  with  the 
signals  of  the  regenerative  clipper  just  discussed 
(fig.  8). 

3^9.  To  obtain  a  different  type  pattern,  sup- 
pose we  combine  a  15.750-cps  trianaular  wave- 
form and  a  60-cps  triangular  waveform  to  drive 
the  regenerative  clipper.  This  combination  will 
cause  the  clipper  input  to  rise  to  a  maximum  in 
the  center  of  the  field.  Figure  9.B,  illustrates 
the  manner  m  which  the  clipper  input  changes 
to  generate  the  keying  signal  that  produces  the 
diamond-shaped  special  effects  pattern  shown. 

3-10.  Sawtooth  and  triangular  waveforms  of 
line  and  field  frequency  are  combined  in  many 
ways  to  obtain  scores  of  special  effects.  If  you 
understand  the  formation  of  the  patterns  in  figure 
9,  you  should  be  able  to  determine  the  keying 
signal  and  clipper  input  needed  for  other  montage 
patterns. 

3-11.  Figure  10  shows  the  sections"  that  make 
up  a  special  effects  generator.  Inputs  to  the 
generator  are  horizontal  and  vertical  drive  sig- 
nals. These  inputs  go  through  similar  channels 
to  develop  sawtooth  and  triangular  signals  with 
blanking.  Note  the  signals  at  TPl  and  TP2  in 
the  diagram;  respectively  identical-shaped  sig- 
nals appear  at  TP3  and  TP4.  However,  the  fre- 
quency of  the  signals  appearing  at  TP3  and  TP4 
IS  60  cps  instead  of  15.750  cps.  Since  the  H- 
frequency  channel  and  V-frequency  channel  are 
seen  to  have  the  same  sections,  we  can  treat  both 


channels  by  discussing  each  section.  Starting  from 
the  left  in  figure  10,  notice  tJ.at  the  drive  inputs 
are  amplified  by  the  first  section  to  attain  the 
signal  strength  to  drive  the  square-wave  multivi- 
brator  and  also  the  blanking  multivibrator.  The 
output  from  tJie  square-wave  multivibrator  is  fed 
into  a  triangular  waveshaping  network  (active  or 
passive  type).    This  network  effectively  inte- 
grates the  square  wave  to  form  the  desired 
triangular  signal.  In  the  same  section  as  the  tri- 
angular generator,  mixing  is  accomplished  to  in- 
sert the  blanking  pulse,  therebv  dving  the  output 
shown  at  TPl.    The  blankinVpulse  from  the 
blanking  muliivibrator  also  provides  an  input  to 
the  sawtooth  generator.    This  input  is  used  to 
synchronize  and  form  the  output  signal  from  the 
sawtooth  generator  section,  shown  at  TP2 

3-12.  The  relays  Kl.  K2.  K3.  and  K4  are 
controlled  from  the  special  effects  (S.E.)  selector 
and  mixer  panel.  Kl  and  K3  each  determines 
which  waveform  is  applied  to  the  signal  inverter 
section  in  its  channel.  The  inverter  simply  makes 
It  possible  to  obtain  signals  of  opposite  polarity, 
thereby  increasing  the  number  of  special  effects 
available.  Relays  K2  and  K4  serve  to  select  the 
signal  of  desired  polarity  for  input-to-amplifier 
clipper  sections.  This  section  clips  the  blanking 
pulse  to  a  prescribed  amplitude,  but  does  not 
alter  the  sawtooth  or  triangular  waveshape. 

3-13.  The  S.E.  selector  and  mixer  panel  deter- 
mines the  input  to  the  regenerative  clipper  sec- 
tion. The  S.E.  selector  and  mixer  panel  receives 
signals  from  the  H-frequency  channel,  and  the  V- 
frequency  channel.  Selection  of  one  or  a  com- 
bination of  these  two  signals,  along  with  the  H- 
blanking  signal,  is  accomplished  by  means  of 
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Figure  10.    Block  diagram  of  a  special  effects  generator. 
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Fifiure  II.    Block  diagram  of  sections  comprising  a  special  effects  amplifier. 


relays  which  arc  energized  with  pushbutton 
switches.  The  pushbuttons  are  mounted  on  the 
S.E.  selector,  mixer  panel  and  arc  marked  to  show 
the  special  effects  pattern  associated  with  each 
switch.  The  pattern,  as  we  explained  earlier,  is 
determined  by  the  input  to  the  regenerative  clip- 
per, which  produces  the  keying  signal.  This  signal 
is  sent  to  the  special  effects  amplifier. 

3-14.  Special  Effects  Amplifier.  Figure  11 
shows  the  sections  that  constitute  a  special  effects 
amplifier.  The  picture  inputs.  1  and  2.  are  am- 
plified separately  before  being  applied  to  the 
switching  section  and  the  clamping  section.  Note 
that  the"  clamping  section  also  obtains  an  input 
from  the  sync  generator.  This  input  is  used  to 
sample  the  picture  inputs  ut  different  times  dur- 
in-  each  horizontal  blanking  pulse.  In  this  man- 
ne"r  an  average  clamping  potential  is  developed 
while  picture  channel  isolation  is  maintained.  The 
clampinu  section  functions  to  keep  the  black 
levels  of  the  two  pictures  equal  to  each  other  au- 
tomatically. Thus,  the  picture  signals  to  the 
switching  section  arc  properly  clamped  when  they 
are  fed  into  the  switching  section. 

3-15.  The  two  pictures  are  electronically  keyed 
(gated)  its  the  switching  section  to  produce  a 
montaue  d  splay.  This  must  be  done  without 
permitting  the  pictur.e  signals  to  interfere  with 
each  other.  Figure  12  shows  a  network  which 
effectively  decouples  one  picture  signal  when  the 
other  is  transmitted  out.  This  decoupling  is  ac- 
complished by  means  of  two  balanced  bridge 
circuits— one  comprisng  03  and  Q4.  and  the 
other  comprising  Q5  and  06.  Note  that  the  cir- 
cuits containing  these  transistors  are  identical. 


Diodes  Dl  and  D2  are  connected  across  one 
bridge  circuit;  there  is  no  potential  across  them 
when  the  bridge  circuit  is  balanced.  Likewise, 
D3  and  D4  have  no  potential  across  them  when 
the  other  bridge  circuit  is  balanced  Adjustment 
of  the  potentiometers  (marked  "BAL"  in  fig. 
12)  and  the  bias  applied  to  Q3  and  Q6  will 
balance  the  bridge  circuits.  Assuming  the  ad- 
justments are  proper,  let's  now  investigate  how 
these  bridge  circuits  operate  in  conjunction  with 
the  rest  of  the  network  to  give  an  S.E.  video 
output. 

3-16.  Picture  1  video  is  applied  to  the  base 
of  Ql.   The  collector  of  Ql  is  connected  in 
cascade  to  transistors  Q3  and  Q4.  When  no  S.E. 
keying  sienal  is  present  at  the  base  of  Q4,  the 
bridge  circuit  is  balanced  and  no  signal  is  present 
across  Dl  and  D2.  Thus,  the  amplified  picture 
1  video  at  the  collectors  of  Q3  and  Q4  is  not 
transmitted  out  between  Dl  and  D2.  Looking 
at  the  picture  2  side  of  the  network,  you  see  it  is 
very  similar  to  that  of  the  picture  I  side.  The 
only  difference  is  the  polarity  of  the  diodes  D3 
and  D4  with  regard  to  the  keying  signal.  This 
is  an  important  fact,  as  we  will  explain  shorUy. 
However,  when  no  keying  signal  is  applied,  D3 
and  D4  are  across  a  balanced  bridge.  Because 
there  is  no  signal  developed  across  them,  there 
can  be  no  picture  2  video  transmitted  out  be- 
tween them;  therefore,  we  see  that  neither  a  pic- 
ture 1  nor  picture  2  video  signa  is  transmitted 
when  the  keying  signal  is  absent. 

3-17.  We  know  that  the  keying  signal  is  a 
series  of  rectangular  pulses  of  varying  pulse 
widths.  To  simplify,  let's  consider  just  one  cycle 
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of  the  keying  signal  and  assume  the  high-level 
alternation  equal  to  the  low-level  alternation  (in 
other  words,  a  square  wave).  Applying  the  high- 
level  alternation  to  the  bases  of  Q4  and  05 
drives  these  transistors  to  maximum  conduc- 
tion. Their  collectc  voltages  drop,  thereby  un- 
balancing the  briC     circuits.   Considering  first 
the  bridge  circuit  incorporating  Q4,  we  find  that 
the  collector  potential  of  Q3  is  now  higher  than 
that  of  Q4.  Diodes  Dl  and  D2  therefore  conduct 
and  the  picture  1  video  signal  is  coupled  to  the 
S.E.  video  output  line.  Turning  our  attention  to 
the  bridge  incorporating  Q5,  we  have  Q5  at  a 
lower  collector  potential  than  Q6.  Note,  how- 
ever, that  diodes  D3  and  D4  are  reverse-biased. 
This  action  determines  that  the  picture  2  video 
signal  will  not  be  coupled  to  the  S.E.  video  out- 
put line.  The  difference  that  we  mentioned  earlier 
concerning  the  polarity  of  the  diodes  is  obviously 
quite  important.  The  unbalance  created  during 
the  high-level  alternation  of  the  keying  signal 
caused  Dr  and  D2  to  conduct,  but  not  D3  and 
D4.  Picture  1  signal  is  transmitted;  picture  2 
signal  is  blocked.  Such  being  the  case  for  the 
high-level  alteration,  should  not  the  opposite  con- 
ditions occur  when  the  keying  signal  switches  to  a 
low  level?  Using  simUar  reasoning  as  before,  we 
discover  that  Dl  and  D2  cut  off,  whereas  D3 
and  D4  go  to  full  conduction.  Consequently,  pic- 
ture 2  signal  is  transmitted  and  picture  1  signal 
is  blocked. 

3-18.  Depending  upon  the  keying  signal,  pic- 
ture 1  and  picture  2  signals  are  coupled  alter- 


nately through  the  switching  section.  If  a  differ- 
ence in  black  level  persists  between  the, signals, 
it  can  be  corrected  with  the  balanced  adjustment 
which  changes  the  bias  on  01  and  02.  The  S.E. 
video  output  is  shown  in  figure  1 1  as  going  to 
the  output  video  amplifier  section.  This  section 
has  two  outputs — one  that  can  be  sent  to  a 
switcher  in  the  camera  chain,  and  one  that  is 
fed  into  the  output  mixer  section  where  it  is 
combined  with  the  standard  composite  sync.  The 
output  from  this  section  is  therefore  complete  and 
can  be  distributed  via  distribution  amplifiers  to 
monitors  for  viewing. 

4*  Intsrcom 

4-1.  Any  television  installation  that  is  opera- 
tional will  require  some  type  of  intercommunica- 
tion facilities.  The  complexity  of  the  intercom 
will  be  determined  by  the  function  which  the 
TV  facility  serves.  In-  some  cases,  there  will  be 
a  need  foj*  simple  telephone  services;  in  other 
cases,  requirements  will  necessitate  the  use  of 
an  amplifying  system  similar  to  a  public  address 
system. 

4-2.  Facilities.  Installation  of  the  television 
equipment  may  or  may  not  have  included  inter- 
com facilities.  In  some  equipment,  cable  circuits 
will  be  available  for  intercom  between  camera, 
camera  control,  and  control  room  facilities.  Even 
when  internal  audio  circuits  are  included,  specific 
external  audio  equipment  will  not  be  supplied 
in  conjunction  with  the  video  components.  For 
example,  a  camera  may  have  an  intercom  jack 
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Figure  12.    Transistorized  switching  section  of  a  special  effects  amplifier. 
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Fifiure  13.    Layout  of  an  intercom  system. 


but  no  headset  is  supplied.  TV  facilities  require 
an  intercom  system  for  use  in  conjunction  with 
nrogram  production  or  equipment  maintenance. 

4-3  Represenlalive  System.  The  representa- 
tive system  illustrated  in  figure  13  includes  some 
of  the  features  found  in  most  systems.  Layout 
variations  in  a  given  system  will  be  discussed 
later    The  illustration  shows  headsets  (earpiece, 
microphone,  and  cord),  terminal  points,  power 
supply,  an  amplifier,  and  a  speaker.  The  illus- 
trated arraneement  permits  communication  be- 
tween the  control  room  personnel,  camera  per- 
sonnel, production  men  on  the  floor  of  the  studio. 
,nd  equipment  room  operators.  The  added  am- 
mifier  and  speaker,  used  for  conference  room 
monitoring,    permits    one-way  communication 

°"4-"4  The  maintenance  requirements  for  a  sys- 
tem such  as  this  will  be  governed  mostly  by  its 
usage  and  the  environmental  conditions.  The 


intercom  system  is  normally  trouble  free;  there- 
fore preventive  maintenance  will  be  the  main 
requirement.  This  kind  of  maintenance  consists 
of  keeping  plues  and  terminal  contacts  clean 
replacing  broken  moisture  shield,  and  checking 
for  loose  screws  inside  the  headsets  and  plugs. 
When  you  make  visual  checks,  observe  for  broken 
wires,  terminals,  and  plugs. 

4-5  Although  the  intercom  is  normally  trou- 
ble free,  a  few  difficulties  may  occur.  Occasion- 
ally, you  will  have  a  headset  with  a  bent 
diaphragm  or  broken  lead.  If  the  headset  is  de- 
signed with  a  throwaway  insert  for  the  earpiece, 
the  only  repair  required  would  be  to  replace  the 
insert  If.  however,  in  lieu  of  a  throwaway  insert, 
the  earpiece  is  made  up  of  separate  elements, 
repair  of  the  damaged  elements  is  necessary.  The 
microphone  will  probably  be  designed  to  use 
expendable  inserts.  These  are  normally  carbon 
units  with  a  moisture  barrier  as  part  of  the  assem- 
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biy.  Sometimes  the  carbon  in  a  microphone  unit 
becomes  packed  fas  discussed  in  Volume  I. 
Chapter  6).  You  may  be  able  to  restore  it  to 
normal  operation  by  a  slight  jar  t.:>  loosen  the 
carbon  granules. 

4-6.  Sonic  of  the  simplest  chccics  of  a  faulty 
headset  can  be  made  with  an  ohmmeter.  An'^ 
ohmmeter  intermittently  connected  across  the 
headset  terminals  will  cause  a  clicking  sound  if 
it  is  good,  A  carbon  microphone  can  be  checked 
by  setting  the  ohmmeter  to  a  scale  that  gives  a 
midrange  reading  when  connected.  Then  by  talk- 
ing into  the  microphone  you  will  observe  a  slicht 
meter  movement  if  the  microphone  is  good. 

4-7.  System  Variations.  There  are  considerable 
variations  from  system  to  system  This  is  com- 
monplace. However,  most  of  the  variations  will 
be  m  the  quantity  rather  than  the  types  of  equip- 
ment used.  These  will  be  such  refinements  as 
crossbar  switching,  which  permits  added  cir- 
cuits.  If  the  distance  is  great,  line  amplifiers 


may  be  needed.  Sometimes  special  circuits  will 
require  other  types  of  micropiiones.  speakers 
and  amplifiers.   You  may  also  find  pfiblic  ad- 
dress systems  that  have  been  modified  fur  inter- 
com use. 

4-8.  Other  Method.s.  Up  to  this  point  we  have 
been  speaking  of  TV  production  applications  of 
mtercom  systems.  However,  you  should  realize 
that  some  maintenance  applications  require  meth- 
ods other  than  those  described.  You.  as  a  main- 
tenance man.  may  find  yourself  in  a  situation 
where  surveillance  cameras  are  mounted  on  top 
of  a  building.  If  you  arc  to  adjust  these  cameras 
with  the  assistance  of  someone  at  the  monitors 
you  and  he  will  need  to  communicate.  Since 
there  will  probably  be  no  audio  circuit  available, 
you  may  need  to  use  transceivers.  Telephones 
may  also  be  used  as  intercom  for  makina  main- 
tenance adjustments.  These  two  methods  are 
cited  to  give  you  an  idea  of  the  variations  vou 
may  encounter. 
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CHAPTER  2 


Audio  and  Video  Equipment 


IN  THE  TELEVISION  field  audio  and  video 
recording  equipment  are  used  extensively. 
There  are  two  basic  methods  of  recording:  one  is 
recording  on  magnetic  tape  and  the  other  is  re- 
cording on  film.  In  this  chapter  we  will  discuss 
and  compare  the  audio  and  video  tape  record- 
ers   We  will  also  discuss  the  construction  and 
operation  of  a  kinescope  film  recorder.  Because 
of  the  necessity  to  convert  film^recorded  mfor- 
mation  to  live  video  or  video  recording,  we  will 
discuss  16mm  film  projectors,  slide  projectors.  • 
and  multiplexer  units. 

5.  R«cerd«rs 

5-1.  Nearly  everjone  today  is  acquainted  with 
magnetic  tape  recording  in  home  entertainment 
and  business  dictating  machine  applications.  All 
who  arc  involved  with  TV  maintenance  should  be 
aware  of  the  use  of  magnetic  tape  in  audio  and 
video  braodcasting.  The  magnetic  recorder  is  a 
major  unit,  since  it  plays  a  very  large  part  in  the 
recording  of  TV  programs.  The  magnetic  tape 
recording  techniques  have  progressed  from  the 
recording  of  lower  audio  frequencies  to  the  re- 
cording of  higher  video  signal  frequencies. 

5-2."  We  are  also  concerned  in  this  section  with 
magnetic  tape  recording  of  audio,  and  magnetic 
tape  and  film  recording  of  television  programs,  in- 
cluding the  construction,  operation,  and  mainte- 
nance of  both  audio  and  video  magnetic  tape 
recorders.  We  compare  their  frequencies,  con- 
trol tape  transport,  and  electronic  requirements. 
In  addition  this  section  treats  kinescope  fUm  re- 
corders, their  operation,  and  their  maintenance 
requirements. 

5-3  Audio  Tape  Recordeis.  Perhaps  you  own 
a  home  tape  recorder  and  have  performed  minor 
maintenance  on  it.  In  this  section  we  are  con- 
cerned with  audio  tape  machines  as  they  apply 
to  TV  production.  You  will  notice  that  the  terms 
"audio  tape  recorders"  and  "audio  tape  machines 
arc  used  -interchangeably  in  this  material.  In 
the  audio  tape  recording  field  there  is  a  difference 
in  the  tape  machine,  tape  recorder,  tape  deck. 


etc.  The  home  variety  tape  recorder  serves  three 
functions:  erasing,  recording,  and  playing  back 
audio  frequencies.  A  tape  recorder  is  usually 
limited  to  the  erasing  and  recording  of  audio  fre- 
quencies, and  a  tape  playback  machine  is  usually 
limited  to  the  playback  of  audio  frequencies.  A 
tape  machine  can  combine  all  three  functions  as 
in  the  home  tape  recorder. 

5-4.  For  our  discussion  we  have  divided  the 
audio  tape  machine  into  three  main  sections: 
transport  mechanism,  heads,  and  electronics.  In 
the  following  discussion  you  will  find  variations  in 
"  the  functions  of  each  of  these  main  sections.  For 
example,  the  tape  heads  are  identified  according 
to  their  functions  of  erasing,  recording,  or  play- 
back. 

5-5.  Traitsport  mechanism.   All  of  the  tape 
machines  require  some  type  of  mechanism  to 
move  the  tape  past  the  record  and  playback 
heads.  Such  mechanisms  have  been  given  various 
names,  but  tape  transport  seems  to  be  generally 
accepted  as  standard.  Tape  handlers  is  the  term 
used  to  designate  machines  designed  for  fast  start- 
stop  operation.   These  fast  start-stop  machines 
are  usually  a  type  of  computer  or  laboratory  tape 
transport  'which  require  the  tape  to  start  or  stop 
instantaneously.   In  contrast,  the  standard  ma- 
chine requires  about  1  second  to  reach  full  speed 
and  perhaps  5  to  10  seconds  to  fully  stabilize. 

5-6.  A  good  quality  tape  transport  has  the 
features  of  the  mechanism  illustrated  in  figure 
14.  These  features  include  the  tape  supply  reel, 
which  is  provided  with  cither  a  friction  brake  or 
an  active  back-torque.  The  back-torque  is  sup- 
plied  bv  the  drive  system  or  a  torque  motor. 
Back  tension  (torque)  is  necessary  to  keep  the 
tape  from  becoming  tangled  due  to  the  inertia  of 
the  tape  reel.  The  tension  idler  holds  a  certain 
amount  of  tape  in  its  loop;  this  spare  amount  of 
tape  is  temporarily  let  out  during  quick  starts. 
A  slight  delay  in  time  is  allowed  for  the  supply 
reel,  which  has  appreciable  inertia,  to  start  turn- 
ing at  operating  speed.  The  tension  idler  and 
back-torque  work  together  to  smooth  out  irrcgu- 
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Figure  14.    Tape  transport  mechanism. 
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Figure  15.    Construction  of  magnetic  head, 

larities  caused  by  the  rubbing  of  the  tape  against 
the  supply  reel  sides,  sticking  together  of  tape 
layers,  or  other  causes. 

5-7.  Again  looking  at  figure  14,  note  that  the 
tape  is  drawn  from  the  tension  idler,  across  the 
rolling  tape  guide,  erase  head,  tape  guide,  record 
head,  tape  guide,  and  reproduce  head.  The 
force,  which  draws  the  tape  across  the  heads  at 
a  constant  speed,  is  provided  by  the  capstan  and 


the  capstan  pressure  roller.  The  eonibination  of 
the  capstan,  (he  tension  idler,  and  the  reverse 
torque  of  the  supply  reel  keeps  the  tape  under 
constant  tension.  There  is  friction  between  the 
tape  and  the  stationary  heads.  This  friction  is  a 
source  of  vibration.  Attempts  to  eliminate  this 
vibration  are  included  in  the  design  of  the  trans- 
port mechanism  by  using  a  rigid  base  on  which 
to  mount  the  transport  components.  Other  cause; 
of  vibration  arc  the  amount  of  wrap  around  the 
head,  smoothness  of  head  faces,  tape  tension, 
tape  condition,  tape  composition,  temperature, 
and  humidity.  The  capstan  may  be  either  the 
shaft  of  the  drive  motor  or  a  shaft  driven  through 
a  speed-reducing  mechanism.  The  capstan  and 
any  associated  mechanism  must  be  made  with 
precision  or  it  will  cause  problems  during  both 
record  and  playback.  This  requirement  for  pre- 
cision components  includes  the  drive  motor,  as  it 
must  drive  the  capstan  mechanism  at  a  constant 
speed. 

S-8.  Immediately  following  the  capstan  and 
the  capstan  pressure  roller  is  another  tape  guide. 
Each  tape  guide  serves  to  keep  the  tape  in  align- 
ment with  the  heads  at  all  times.  If  the  tape 
guides  permit  any  vertical  variation  of  the  tape, 


Figure  16.    Laminated  core  tape  head. 
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Figure  17.-   Actioft  of  hieh-frequency  erase  head. 


a  possibility  exists  of  attenuation  of  the  recorded 
signal  during  reproduction.  In  extreme  cases  the 
signal  could  be  lost  entirely,  or  the  erase  head 
would  either  fail  to  erase  or  improperly  erase 
when  a  recording  is  made.  The  tension  idler 
near  the  takeup  reel  serves  the  same  purpose 
as  the  other  tension  idler.  The  torque  on  the 
takeup  reel  changes  according  to  the  amount  of 
tape  on  the  reel. 

5-9.  Heads,  Three  tape  heads  may  be  used 
on  the  more  expensive  tape  machines.  Some  ma- 
chines, such  as  those  designed  for  home  use.  use 
the  same  head  for  record  and  reproduce.  It  is 
possible  to  use  the  same  head  for  erasing  the 
tape;  however,  if  the  same  head  is  used  for 
erasing  as  well  as  recording  and  reproducing,  it 
will  require  an  additional  runthrough  of  the  tape. 


Figure  18.    Flux  lines  in  a  rvcording  gap. 


5-10.  Although  one  tape  head  can  be  used  for 
the  three  purposes  of  erasing,  recording,  and  re- 
producing, there  arc  some  differences  in  construc- 
tion of  the  heads.  (The  head  differences  will  be 
discussed  later.)  The  basic  construction  of  tape 
heads  is  the  same — that  is.  the  head  consists  of  a 
core  of  permeable  material  which  is  wound  with  a 
coil  of  wire  (as  shown  in  fig,  15).  This  core  of 
permeable  material  is  formed  into  a  modified  cir- 
cular shape*  with  a  gap  at  the  point  of  tape  con- 
tact. The  core  material  is  usually  of  a  laminated 
construction  (as  illustrated  in  fig.  16)  rather  than 
nonlaminated.  The  nonlaminated  heads  arc 
cheaper  to  construct,  but  they  usually  produce 
poorer  results.  The  laminations,  by  reducing 
magnetic  losses  due  to  eddy  currents;  produce  a 
better  response  to  higher  frequencies. 

5-11.  The  core  of  the  head  is  wound  with  a 
number  of  turns  of  wire,  but  the  number  of  turns 
will  depend  on  the  purpose  for  which  the  head 
is  designed.  The  manner  in  which  the  core  is 
wound  will  be  dictated  by  the  head  use;  also, 
two  windings  may  be  used.  Most  of  the  newer 
heads  follow  the  two-winding  design,  one  winding 
on  each  side  of  the  gap.  In  most  of  the  newer 
designs  the  two  windings  will  be  terminated  cx« 
ternally,  thus  they  may  be  connected  in  a  parallel 
or  series  arrangement  as  desired.  The  core  and 
winding  is  inclosed  in  a  protective  metal  housing 
to  prevent  the  winding  from  picking  up  hum 
emanating  from  motors,  transformers,  etc. 

5-12.  So  far  all  the  heads  under  discussion 
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have  been  of  the  electromagnetic  type.  To  fur- 
ther expand  on  the  erase  head,  some  are  con- 
structed to  use  either  a  single  permanent  mag- 
net or  a  series  of  permanent  magnets  to  set  up  a 
magnetic  field.  If  a  single  magnet  is  used,  the 
tape  will  be  erased  by  the  magnetic  flux.  How- 
ever* with  more  than  one  magnet,  the  tape  will 
be  erased  by  the  changing  cycles  of  the  magnetic 
flux  fields. 

S-13.  The  more  popular  erase  heads  are  those 
which  use  a  high-frequency  current  to  create  an 
a-c  magnetic  flux.  This  current  is  supplied  by  the 
bias  oscillator,  which  also  provides  the  bias  cur- 
rent to  the  record  head.  The  magnetic  flux  lines 
penetrate  the  magnetic  coating  of  the  tape,  as 
illustrated  in  figure  17.  The  a-c  erase  head  has 
fewer  turns  of  wire  than  the  standard  playback 
head,  and  it  passes  current  easier  and  operates 
better  at  the  higher  frequencies.  Another  feature 
of  an  a-c  erase  head  is  a  wider  gap  which  per- 
mits the  tape  particles  to  change  direction  more 
times,  thus  giving  a  more  complete  erasure  of 
the  tape.  You  will  notice  that  as  the  tape  ap- 
proaches and  then  leaves  the  gap  in  the  head,  the 
erase  action  builds  up  from  zero  to  maximum  and 
back  to  zero.  Thus,  any  magnetic  pattern  which 
was  previously  recorded  is  obliterated  by  the  ac- 
tion of  the  high-frequency  bias  oscillator. 

S-14.  When  an  alternating  current  is  sent 
through  the  winding  of  a  record  head,  a  magnetic 
field  corresponding  to  the  applied  current  is  pro- 
duced in  the  core  (see  fig.  18).  The  magnetic 
field  has  a  great  deal  of  difficulty  passing  through 
the  nonmagnetic  gap  in  the  core.  However, 
when  the  magnetic  coating  of  the  tape  closes  the 
gap,  the  field  can  easily  complete  its  journey  via 
the  tape.  The  tape  now  becomes  magnetized  in 
accordance  with  the  fluctuations  of  applied  cur- 
rent. 

S-IS.  The  magnetic  fluctuation  of  the  tape  con- 
tinues until  the  instant  the  tape  passes  the  trailing 
edge  of  the  gap.  The  magnetic  orientation  at  the 
instant  of  departure  from  the  gap  edge  is  the 
pattern  that  remains  on  the  tape.  For  the  best 
possible  recording,  the  trailing  edge  of  the  gap 
should  be  as  straight  and  sharp  as  possible.  A 
principle  difference  between  heads  of  poor  quality 
and  high  quality  is  the  definition  of  the  gap  edge. 
The  amount  of  electrical  signal  required  to  pro- 
duce a  certain  amount  of  magnetic  flux  on  one 
head  may  create  a  stronger  magnetic  flux  on  an- 
other head  because  of  differences  in  efficiency  or 
elements  of  design.  The  signal  level  that  causes 
distortion  varies  among  heads  of  different  man- 
ufacturers. You  must  take  these  factors  into  ac- 
count if  you  substitute  a  different  make  or  model 
of  head  for  the  one  that  originally  came  with  the 
tape  recorder. 


5-16.  As  the  signal  current  is  fed  to  the  record 
head,  the  high-frequency  bias  c\jrrent  is  supplied 
simultaneously  to  this  head,  as  shown  in  figure 
19.  The  residual  magnetization  of  the  tape  is  ac- 
complished by  passing  the  signal  current,  plus  a 
high-frequency  bias  current,  through  the  record- 
ing head  windings.  This  technique  is  referred 
to  as  direct  recording. 

3-17.  The  high  frequency  of  the  bias  oscilla- 
tor serves  to  activate  the  head  over  the  linear  por- 
tion of  its  magnetization  curve.  This  linear  oper- 
ation puts  the  audio  signal  in  a  magnetization 
area  for  the  most  faithful  recording.  If,  however, 
the  bias  signal  is  increased  until  the  head  is  satu- 
rated, the  linear  operation  will  be  disturbed.  The 
final  magnetization  produced  in  the  tape  is  de- 
termined by  the  last  flux  encountered  close  to  the 
trailing  edge  of  the  gap  as  the  tape  leaves  the 
gap  area.  For  this  reason  the  length  of  the  re- 
cording gap  is  riot  as  critical,  within  limits,  for 
recording  heads  as  it  is  for  reproducing  heads. 
The  recording  heads  usually  will  have  a  gap  in 
the  range  of  0.0005  to  as  much  as  0.001. 

S-18.  Certain  features  of  the  playback  (re- 
produce) head  are  required  to  provide  full  re- 
sponse to  the  audio  frequencies.  One  requirement 
is  that  the  head  gap  be  very  narrow,-  that  is, 
0.0001  inch  or  smaller.  A  large  number  of  turns 
of  wire  is  required  in  the  winding  since  the  head 
must  be  sensitive  to  the  changes  in  flux  recorded 
on  the  tape.  The  playback  head  functions  in  an 
opposite  manner  to  the  record  head;  that  is,  the 
tape  induces  a  flux  into  the  head  core.  The  flux 
passing  through  the  core  induces  a  voltage  into 
the  winding,  causing  current  flow  in  the  asso- 
ciated circuit.  This  signal  current  is  amplified  by 
the  playback  amplifier  for  operation  of  speakers, 
headphones,  or  other  devices. 

5-19.  The  playback  head  is  of  prime  impor- 
tance in  the  faithful  reproduction  of  a  recorded 
signal.  For  example,  if  we  assume  that  a  head 
is  good  mechanically  and  it  is  playing  back  a  sig- 
nal which  has  all  frequencies  recorded  with  equal 
magnitude,  we  will  find  that  the  higher  audio 
frequencies  will  produce  a  greater  voltage  output. 
An  inherent  characteristic  of  a  playback  head 
is  that  the  rise  in  output  is  proportional  to  the 
rise  in  frequency.  This  is  true  up  to  a  poinj  which 
is  determined  by  the  characteristics  of  the  head 
and  head  gap.  The  ability  of  the  playback  head 
to  reproduce  high  frequencies  varies  inversely 
with  the  width  of  the  gap.  This  means  that  a 
narrow  gap  is  necessary  for  good  high-frequency 
response.  However,  remember  that  although  a 
new  head  may  have  a  narrow  gap,  as  the  head 
wears  the  gap  will  become  wider,  and  as  a  result, 
the  high-frequency  response  will  drop  off.  Also, 
along  with  gap  width,  the  definition  of  the  edge 
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Figure  19.    Recording  with  high-frequency  bias. 


of  the  head  must  be  smooth  to  produce  high  fre- 
quencies. If  the  edges  of  the  gap  are  not  straight 
and  sharp,  the  gap  behaves  magnetically  as 
though  it  were  much  wider  than  its  physical  di- 
mensions. 

5-20.  Other  factors  which  affect  the  frequency 
response  of  the  head  are  tape  speed,  smoothness 
of  the  tape,  pressure  of  the  tape  against  the  head, 
and  quality  of  the  tape.  The  tape  speed  is  im- 
portant because  the  more  rapidly  the  changes  in 
tlux  are  drawn  across  the  head  gap,  the  stronger 
the  voltage  induced  into  the  head  windings. 
This  added  strength,  in  turn,  gives  improved  fre- 
quency response  to  the  recorded  signal.  You  can 
understand  this  condition  if  you  consider  that  a 
slow  moving  tape  will  cause  the  head  to  see  an 
average  change  in  the  flux  and  not  each  small 
change,  which  is  necessary  to  reproduce  high  fre- 
quencies. Smoothness  of  the  tape  and  tape-to- 
head  contact  are  directly  related  in  their  effect 
on  frequency  response  as  well  as  voltage  output. 
If  the  tape  is  rough,  the  magnetic  particles  are 
not  maintained  constantly  close  to  the  head, 
which  is  necessary  to  induce  a  smooth  flow  of  flux 
variations.  The  rough  spots  or  portions  of  the 
tape  will  move  the  partjclcs  farther  from  the 
head  and  cause  weakening  of  the  flux  changes; 
thus,  the  high  frequencies  will  be  lost.  Carrying 
this  thought  further,  you  can  understand  that 
the  same  losses  will  be  prevalent  if  the  pressure 
holding  the  tape  against  the  head  is  weak. 

5-21.  Electronics.   Typical  electronic  circuits 


used  in  tape  recording  arc  indicjicd  by  figure 
20.  There  will  be  certain  refinements  as  dic- 
iiued  by  performance  requirements.  Normally  the 
higher  the  frequency  response  required  the  better 
the  overall  quality  of  the  circuit  components  will 
be.  Even  though' the  record  head  requires  very 
little  drive  power,  the  need  for  bias  injection,  im- 
pcndance  matching,  and  possibly  preemphasis 
makes  it  important  to  use  the  correctly  designed 
imiplificrs  in  the  recorder.  In  the  playback  cir- 
cuits typical  audio  amplifier  circuits  arc  used.  In 
some  recorders  there  is  dual  utilization  of  circuits 
for  record  and  playback.  In  recorders  there  is  a 
requirement  for  voltage  equalization  of  frequen- 
cies in  the  output.  Earlier  a  statement  was  made 
that  the  higher  the  frequency  the  more  the  volt- 
age output;  for  the  lower  frequencies  the  opposite 
is  true.  Therefore,  the  very  weak  low  frequencies 
must  be  boosted.  It  is  not  enough  to  increase  the 
gain  of  ik  amplifiers.  The  problem  is  to  boost 
the  low  ficquencics  and  limit  the  high  frequencies. 
In  most  instances,  it  is  sufficient  to  add  RC  net- 
works to  the  input  signal  path  of  an  amplifier. 
To  attenuate  the  high  frequencies,  RC  network 
values  are  selected  that  will  result  in  bypassing  a 
major  portion  of  voltage  of  the  higher  frequen- 
cies to  ground.  The  reduction  of  the  higher  fre- 
quencies' input  voliagc  of  an  amplifier  results  in 
a  relative  boost  of  the  lower  frequency  voltage. 
Frequency-selective  feedback  circuits  between 
amplifier  stages  may  also  be  used  to  equalize  the 
output  voltages  of  the  high  and  low  frequencies. 
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Figure  20,    Typical  record  and  bias  oscillator  circuits. 


Many  variations  of  equalization  circuits  are  used 
in  both  playback  and  record  amplifiers. 

5-22.  Trouble  diagnosis.  To  diagnose  troubles 
in  a  tape  machine,  you  need  to  remember  that  a 
combination  of  features  can  cause  trouble.  In  a 
tape  machine  you  have  a  group  of  mechanical 
functions  as  well  as  the  various  electrical  circuits. 
Indications  obtained  from  the  electrical  circuits 
will  point  to  most  of  the  troubles.  These  troubles 
may  or  may  not  be  in  the  mechanical  mechanism, 
but  you  will  have  to  "read  through''  the  troubles 
to  make  your  diagnosis.  Once  you  detect  a  mal- 
function you  should  look  immediately  for  the 
cause;  however,  a  quick  mental  reference  to 
the  most  common  troubles  and  their  causes  should 
speed  your  diagnosis. 

5-23.  The  word  *'wow '  is  used  to  describe  a 
slow  variation  of  speed,  whereas  "flutter"  de- 
scribes a  fast  variation  of  speed.  If  the  speed  is 
consistcntlv  wrong,  the  audio  signal  will  be  off 


pitch.   This  condition  is  easily  recognized  with 
music  but  can  be  difficult  to  determine  with 
spoken  words.  A  "wow"  could  be  caused  by  cer- 
tain faults,  such  as  a  slipping  b«lt,  lack  of  proper 
pressure  on  capstan,  motor  winding  damage,  or 
uneven  tape  surface.  A  "flutter,"  which  will  be 
much  faster,  would  more  likely  be  caused  by 
something  moving  at  a  higher  speed.  The  capstan 
could  be  out  of  round  and  give  this  fault  with 
every  revolution.   Sometimes  a  tape  guide  can 
cause  a  bouncing  action  to  be  repeated  at  a  fast 
rate.  A  signal  which  is  consistently  off  pitch  or 
key  may  be  caused  by  insufficient  or  excessive 
drag  on  the  tape  as  it  passes  through  the  trans- 
port system.  This  could  be  incorrect  action  of 
the  supply  reel,  the  pressure  pads,  tape  guides, 
or  improper  threading  of  the  machine, 

5-24.  If  you  have  an  indication  that  the  output 
seems  to  be  weak,  or  that  it  is  not  giving  full  re- 
sponse to  the  higher  frequencies,  you  might  look 
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Figure  21.    Gap  effect  at  htfsh  frequencies, 

for  an  electrical  trouble.  Pause  for  a  moment 
and  think  what  would  happen  if  you  have  only  a 
portion  of  a  track  passing  over  a  head.  We  know 
that  the  strength  of  the  output  signal  is  relative 
to  the  magnetic  flux  recorded  on  the  tape  and  the 
tape  speed.  You  already  know  that  head  wear  will 
cause  a  drop  in  high-frequency  response,  but  if 
the  track  or  head  is  misaligned,  you  will  not  get 
full  benefit  from  the  recorded  signal.  You  may 
need  to  check  head  wear,  track,  and  head  align- 
ment. If  these  seem  to  be  correct,  then  check  the 
circuit  components.  .Again,  you  can  solve  many 
of  the  tape  machine  problems  by  "reading*'  the 
symptoms  and  making  a  logical  conclusion. 

5-25.  For  still  another  example  of  a  problem, 
let  us  assume  that  when  you  make  a  recording' 
and  play  it  back  you  don't  get  a  signal.  There 
are  two  ways  to  start  checking.  Use  a  known 
good  machine  to  check  the  tape  or  a  known  good 
tape  to  check  the  machine.  If  you  determine  that 
the  trouble  is  in  the  record  or  playback  portion. 
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you  should  proceed  to  check  out  the  items  in 
those  sections.  If  the  trouble  is  in  the  record  cir- 
cuits, you  may  check  the  input  source  or  the  bias 
oscillator;  either  one  could  cause  a  failure  in  the 
record  mode.  If  the  bias  oscillator  is  not  work- 
ing and  the  machine  uses  this  same  signal  to 
erase  the  tape,  a  recorded  tape  would  not  be 
erased  prior  to  a  new  recording.  This  is  one 
quick  check  of  the  bias  oscillator.  A  substitute 
microphone  can  be  used  to  make  a  quick  check 
of  the  input  source.  Many  recorders  have  a  mon- 
itor jack  which  can  be  used  to  determine  whether 
a  signal  is  being  fed  into  the  recorder.  Most  re- 
corders have  a  record  indicator,  either  a  light  or 
a  meter,  which  gives  a  visual  indication  of  the 
input.  By  checking  the  circuit  of  the  recorder  in 
use,  you  will  be  able,  through  a  process  of  elimi- 
nation, to  narrow  the  area  of  trouble  to  a  limited 
number  of  stages.  From  this  point  it  will  be  nec- 
essary to  make  the  more  routine  checks  of  tubes 
and  other  components.  To  prevent  head  magne- 
tization, do  not  check  the  continuity  of  heads  with 
an  ohmmeter. 

5-26.  A  trouble  in  the  playback  circuits  is 
most  readily  found  by  using  a  known  good  tape 
for  playback.  With  some  machines  you  have  an 
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Figure  24.    Hnlf-helical  recorder  head. 
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intermediate  output  which  can  he  checked  to  de- 
termmc  if  the  signal  is  rcuchjni;  a  given  point  in 
the  machine.  Some  machines  have  a  visual  out- 
put indicator;  if  you  have  this  type,  you  will  know 
that  all  circuits  are  good  up  to  a  point.  Some- 
times a  headset  output  will  be  provided  in  a 
stage  prior  to  the  power  output:  here,  all  but  the 
last  stage  could  be  eliminated  as  the  source  of 
trouble.  In  all  cases  it  as  a  matter  of  taking  logical 
steps  toward  localizing  the  trouble  to  an  area,  to 
a  circuit,  and  finally  to  a  component  or  com- 
ponents. 

5-27.  Video  Tape  Recorders.  The  video  sig- 
nal frequency  range  for  television  tape  extends 
from  very  low  frequencies  (approaching  d-c)  to 
the  upper  limit  of  4  MHz,  As  previously  indi- 
cated, the  size  of  the  head  gap  becomes  very  im- 
portant in  the  magnetic  recording  of  higher  fre- 
quencies. For  a  given  gap  size  and  tape  speed, 
there  is  a  frequency  above  which  recording  is 
impossible.  This  condition  occurs  when  the  re- 
corded wavelength  of  the  signal  frequency  just 
equals  the  width  of  the  head  gap.  In  figure  21. 
note  that  the  positive  and  negative  portions  of  the 
cycle  appear  across  the  gap  simultaneously  and 
cancel  each  other.  Maximum  output  is  obtained 
when  the  recorded  wavelength  is  twice  the  width 
of  the  head  gap. 

5-28.  The  relationship  between  recorded 
wavelength,  frequency,  and  velocity  of  the  tape 
is  expressed  by  the  formula: 


F 


where  X  =  recorded  wavelength  (in).  V  = 
tape  speed  (in/s),  and  F  =  frequency  (Hz)  of 
the  signal.  From  this  formula  it  may  be  deter- 
mined that  as  the  velocity  of  the  tape  increases 
the  recorded  wavelength  also  increases. 

5-29.  The  original  approach  to  recording  the 
higher  video  frequencies  was  simply  to  increase 
the  speed  of  the  tape  so  that  the  wavelength  be- 
came a  usable  size.  Video  recorders  that  use 
extremely  narrow  gap  heads  and  very  rapid  mov- 
ing tape  are  called  longitudinal  recorders.  Longi- 
tudinal video  recorders  have  many  drawbacks. 
Primarily,  the  picture  quality  (resolution)  is 
poor,  because  the  active  read/write  speed  is 
limited  by  the  tape*handling  capabilities  of  the 
transport  including  problems  of  spooling  the  tape 
and  avoiding  tape  overthrow.  Also,  an  excessive 
amount  of  tape  is  required. 

5-30.  Another  approach  to  the  recording  of 
the  higher  video  frequencies  consists  of  pulling 
the  tape  at  a  practical  speed  past  a  rotating  head. 
Resulting  in  an  increase  of  head-to-tapc  velocity. 
Systenft  that  use  the  rotating  head  principle  also 


apply  other  techniques  to  improve  the  recording 
of  video  signals.  One  of  these  techniques  is  to 
use  frequency  modulation  (FM)  for  recording 
the  signal  information.  The  FM  technique  solves 
the  problem  of  bandwidth.  The  largest  fre- 
quency span  that  can  be  accommodated  by  direct 
recording  is  10  octaves  (15  Hz-15K  Hz).  Since 
the  video  signal  has  a  span  greater  than  18  oc- 
taves (0-4MHz).  direct  recording  is  not  practical. 
This  difficulty  is  overcome  by  using  a  frequency 
modulator  to  change  the  video  information  into 
an  FM  signal,  with  a  full  lower  sideband  and  a 
vestigial  upper  sideband.  In  one  application  the 
video  signal  is  frequency  modulated  onto  a  car- 
rier from  I  to  7  MHz  wide,  a  span  of  only  3 
octaves.  The  reduction  in  the  span  of  frequencies 
is  important  in  the  designing  of  the  inductors  used 
in  the  record/playback  heads.  The  use  of  FM 
permits  the  recording  of  the  signal  at  a  constant 
amplitude. 

5-31.  The  constant  level  FM  can  be  amplified 
and  limited  in  playback  to  reduce  the  effect  of 
signal  dropout.  Signal  dropout  is  due  primarily 
to  tape  surface  defects.  These  tape  surface  de- 
fects result  in  poor  contact  between  the  head  and 
tape,  resulting  in  substantial  loss  of  signal  (see 
fig.  22).  Another  technique  is  to  allow  the  head 
to  penetrate  or  intimately  contact  the  tape. 

5-32.  Video  tape  systems  that  use  the  rotating 
head  principle  will  vary  in  methods  used  to  scan 
the  tape  physically.  The  traverse  and  helical 
(either  full-helical  or  half-helical)  are  the  princi- 
pal scanning  methods  used. 

5-33.  The  helical  method  of  recording  video 
signals  utilizes  1-inch  or  2-inch  tape  wrapped  dia- 
gonally around  a  hollow  cylinder.  Inside  the  cyl- 
inder there  is  a  rotating  head  assembly  containing 
one  or  two  heads.  Through  a  cutaway  in  the 
cylinder,  the  rotating  head  assembly  is  permitted 
to  make  contact  with  the  moving  tape.  A  single 
rotating  head  is  used  in  the  full-helical  method 
and  the  tape  is  wrapped  around  the  cylinder  (see 
fig.  23).  The  head  scans  one  or  two  fields,  then 
leaves  the  tape  during  or  near  a  vertical  blank- 
ing period.  Two  heads  are  used  on  the  rotating 
assembly  in  the  half-helical  metliod  and  the  tape 
is  wrapped  over  haiiway  around  the  cylinder 
(see  fig.  24).  Each  head  records  or  plays  back 
one  field  with  sufficient  overiap  to  allow  for  elec- 
tronic switching  from  head  to  head  during  verti- 
cal blanking.  In  either  method  (see  fig.  25). 
the  recorded  video  tracks  are  laid  down  at  a 
slight  angle  to  the  edge  of  the  tape.  Audio  and 
control  timing  signals  are  recorded  in  longitudinal 
tracks  along  the  lop  and  bottom  edges. 

5-34.  Mechanical  assemblies  of  helical  re- 
corders include  the  scan  heads,  a  transport  sys- 
tem with  takeup  and  supply  reels,  tape  guides. 
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Figure  25,    Track  pattern  laid  down  by  a  helical 
recorder. 

and  a  tape  tension  control  system.  Signal  cir* 
cuitry  includes  the  FM  modulator,  record  and 
playback  amplifiers,  sequence  switchers,  FM  de- 
modulator, and  video  amplifiers.  Servosystems 
are  used  to  control  the  tension  of  the  tape  and 
speed  of  the  head  assembly  and  the  capstan. 
Except  for  the  scanning  method,  basic  operating 
principles  are  essentially  the  same  for  the  helical 
and  traverse  Video  recorders. 

5-35.  The  traverse  scan  video  recording  sys- 
tem uses  a  rotating  head  assembly  to  lay  down 
video  tracks  transversely  (across)  a- 2-inch-wide 
magnetic  tape.  The  rotating  head  assembly  con- 
tains four  small  heads  located  at  90°  intervals 
around  the  circumference  (as  shown  in  fig.  26). 
The  video  signal  is  fed  to  the  individual  heads 
via  a  slipring  and  brush  assembly. 

5-36.  The  tape  is  pulled  past  the  head  as- 
sembly at  a  velocity  of  15  inches  per  second  and 
the  assembly  rotates  at  240  rps.  A  head  as- 
sembly with  a  tip-to-tip  diameter  of  2.07  inches 
has  a  circumference  of  6.5  inches.  Since  the 
head  revolves  at  240  rps,  the  head-to-tape  veloc- 


ity or  read/write  speed  of  the  Z.07-inch  diameter 
head  is  1560  inches  per  second.  As  illustrated  in 
figure  27.  the  tape  is  held  concentric  to  the  ro- 
tating heads. by  a  special  tape  guide. 

5-37.  This  special  guide  provides  for  tape 
stretch  as  the  head  penetrates  the  tape  (negative 
clearance ) .  Figure  28  illustrates  this  action. 
Since  the  position  of  the  guide  in  relationship  to 
the  heads  is  adjustable,  the  amount  of  tape  pene- 
tration may  be  controlled.  The  height  of  the 
guide  may  also  be  adjusted. 

5-38.  Refer  to  figure  29  for  the  location  of  the 
tracks  on  television  tape.  As  one  head  of  the 
assembly  starts  across  the  tape,  the  tape  will 
move  a  small  amount  before  the  head  completes 
its  arc  across  the  tape.  These  motions  result  in 
the  signal  trrck  being  recorded  with  an  angle 
slightly  less  than  90"*.  The  rotating  head  con- 
tacts the  tape  for  an  arc  of  approximately  120° 
and  records  a  track  10  mils  wide.  A  5-mil 
guard  band  is  provided  between  each  track  to 
prevent  crosstalk.  A  70-mil  track  across  the  top 
is  erased  to  provide  for  longitudinally  recording 
audio  information.  A  240-cps  control  signal  is 
recorded  on  a  separate  track  along  the  bottom 
of  the  tape.  A  cue  track  is  recorded  parallel  to 
the  control  track. 

5-39.  The  head  assembly  rotation  of  240  rps 
is  four  times  the  TV  field  frequency  of  60  cps. 
Thus,  one  rotation  of  the  head  assembly  lays 
down  four  tracks  which  are  equal  to  one-fourth 
of  a  field  (about  65  lines)  and  one  track  is  about 
16  lines.  In  the  120°  arc  of  a  head  contact,  the 
video  signal  information  is  recorded  in  a  102° 
portion  of  the  arc.  Since  the  heads  are  90° 
apart,  two  heads  are  simultaneously  in  contact 
with  the  video  recording  area  during  a  12° 
overlap.  The  12°  overlap  insures  that  a  smooth 
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Figure  27.    Rotating  head  assembly. 


continuous  signal  will  be  reassembled.  During 
playback  the  overlap  is  eliminated  by  an  elec- 
tronic switching  process  that  disconnects  the  head 
nearing  the  end  of  a  track,  then  connects  the 
head  that  is  beginning  the  next  track.  The 
switching  is  done  during  horizontal  retrace. 

S-40.  Errors  in  timing  may  occur  between  re- 
cord and  playback.  For  example,  in  the  playback 
position,  a  head  may  enter  or  leave  a  track 
earlier  or  later  than  it  was  recorded.  These  errors 
in  time  will  appear  during  playback  as  horizontal 
displacements  of  vertical  lines  in  the  picture  and 
are  known  as  time-space  errors  or  space  distor- 
tion. One  factor  that  contributes  to  space  dis- 
tortion is  incorrect  alignment  of  the  position  of 
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the  tape  in  relationship  to  the  rotating  head  as- 
sembly. The  adjustable  special  tape  guide  deter- 
mines the  position  of  the  tape  in  relationship  to 
the  head  assembly.  Provisions  for  adjustment  of 
the  tape  guide  include  the  initial  (preset)  me- 
chanical adjustments  plus  automatic  adjustments 
during  operation  by  a  servosystem.  A  type  of 
space  distortion  known  as  quadrature  errors  re- 
sults from  slight  deviations  in  the  spacing  on  the 
rotating  assembly  of  two  adjacent  heads  from  a 
true  90°.  To  correct  quadrature  errors,  some 
systems  provide  for  mechanical  adjustment  of  in- 
dividual head  angle,  plus  adjustable  electronic 
delay  circuits.  Servosystems  are  used  to  reduce 
the  effect  of  other  timeing  errors  that  cause 
picture  distortion,  flutter,  and  loss  of  snychroni- 
zation.  Closed-loop  servosystems  control  the 
motors  that  drive  the  rotating  head  assembly. 

5-41.  Like  the  audio  tape  transport,  the  video 
tape  transport  must  have  a  highly  stable  mount- 


Figure  29,    Traverse  tracks  on  television  tape, 

ing  surface.  The  rigid  mounting  is  even  more 
important  for  a  video  transport  because  the  tape 
must  be  held  under  greater  tension  and  be  able 
to  withstand  higher  speed  stops  on  wind  or  re- 
wind. These  stops  are  accomplished  by  a  fail-safe 
braking  system.  (The  arrangement  of  the  com- 
ponents of  a  tape  transport  is  shown  in  fig.  30.) 
It  is  important  that  the  tape  speed  be  accurately 
controlled  over  the  heads.  This  is  done  in  the 
record  mode  by  using  a  constant  speed  motor  to 
drive  the  capstan,  which  controls  the  rate  at 
which  tape  is  drawn  over  the  heads.  When  the 
tape  is  played  back  the  recorded  speed  is  ac- 
curately duplicated  by  servocontrol  of  the  re- 
producer capstan  speed,  insuring  that  the  repro- 
duce heads  track  constantly  over  the  recorded 
tracks.  The  capstan  servo  input  signal  is  obtained 
by  comparing  a  recorded  signal  on  a  control 
track  with  timing  pulses  from  the  rotating  head 
assembly. 

S-42.  To  prevent  mishandling  of  the  tape,  or 
tape  damage,  the  supply  and  takeup  reel  as- 
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scmblies  are  each  driven  by  u  separate  electric 
motor  throuuh  a  hysteresis  clutch.  The  current 
flow  through  the  clutch  is  normally  proportional 
to  the  amount  of  tape  remaining  on  the  tape 
fw.i  fitted  to  the  assembly's  turntable.  A  fixed 
maximum  current,  however,  is  driven  through  the 
supply  reel  clutch  coil  in  ilic  rewind  mode  and 
through  the  takeup  reel  clutch  in  the  fast  for- 
ward mode.  This  provides  for  rapid  completion 
of  either  of  these  two  modtrs.  Tape  tension  be- 
tween reels  is  maintained  by  arrangement  of 
the  drive  motors  in  such  fashion  that  they  tend 
to  drive  the  tape  reels  in  opposite  directions,  with 
each  reel  driven  to  take  up  tape.  When  ail  slack 
tape  has  been  taken  up  and  the  slack  takeup 
idlers  are  under  tension,  the  tape  will  be  held  at 
rest,  ready  to  be  drawn  over  the  heads  by  the 
action  of  the  capstan  assembly.  Additional  con- 
trol of  tape  tension  against  short-term  or  tran- 
sient disurbances  is  provided  by  two  slack  taiceup 
idlers  which  also  serve  as  tape  guides.  One  idler 
is  fitted  at  the  exit  from  the  tape  supply  reel  as- 
sembly, while  the  other  is  fitted  at  the  entrance 
to  the  tape  takeup  reel  assembly. 

5-43.  The  audio  and  cue  record/reproduce 
heads  and  audio  and  cue  erase  heads  are  all  ac- 
commodated in  one  head  assembly  which  follows 
the  rotating  head  assembly  in  the  tape  path. 
These  heads  function  in  a  conventional,  longitu- 
dinal fashion.  The  head  assembly  is  mounted  on 
a  precision-machined  base  plate. 

5-44.  The  electronic  circuits  of  the  video  tape 
recorder  can  be  grouped  into  two  main  groups, 
those  used  to  control  the  operation  of  the  tape 
recordc.'/reproducer  and  those  used  to  amplify  or 
otherwise  process  the  signal(s).  Usually  the 
tape  machine  will  incorporate,  as  subassemblies, 
all  the  basic  units  necessary  for  producing  a  com- 
patible video  signal  and  the  audio.  These  units 
may  include  sync  generators,  power  sup]plies,  and 
distribution  amplifiers,  plus  the  possible  inclusion 
of  such  things  as  built-in  test  equipment,  and 
complete  monitoring  facilities.  In  other  words, 
the  video  tape  machine  electronics  may  include 
everything  necessary  for  a  CCTV  system  with  the 
exception  of  the  camera. 

5-45.  As  already  indicated,  the  rotating  heads 
and  the  precision  movement  of  the  tape  require 
a  great  deal  of  control.  Therefore,  much  of  the 
electronic  circuitry  will  have  to  do  with  servo- 
systems.  The  video  signal  circuits  will  differ  from 
audio  circuits  (discussed  previously)  in  fre- 
quency range  and  bandpass  of  circuits.  Since  the 
video  signal  has  a  range  from  near  d-c  to  ap- 
proximately 4  MHz.  it  is  necessary  to  apply  this 
signal  to  «a  variable  oscillator  to  obtain  an  FM 


frequency.  This  frequency  may  then  be  applied 
to  another  mixer  circuit  or  directly  to  amplifiers 
and  drivers  to  give  us  a  constant  amplitude  FM 
signal  for  driving  the  video  recording  heads.  For 
playback  the  signal  is  amplified  and  limited  to  a 
constant  level,  then  fed  to  a  demodulator  to  drive 
the  video  circuits.  The  actual  frequencies  used 
and  the  manner  in  which  various  conversions 
are  made  vary  with  manufacturer's  design.  To 
study  details  of  circuits  and  frequencies,  you  will 
need  to  read  the  manuals  concerning  the  partic- 
ular make  and  model  of  the  tape  machine  you 
are  using. 

5-46.  Some  of  the  video  tape  machines  have 
various  lever  controls  in  addition  to  pushbutton 
controls.  Newer  models  are  entirely  pushbutton 
operated,  with  provisions  for  remote  operation 
during  the  playback  mode.  In  the  record  mode 
there  would  be  few  instances  where  the  machine 
would  be  operated  remote.  Some  exceptions 
would  be  when  copying  tapes  or  using  the  ma* 
chine  as  a  training  aid.  in  which  case  the  tape 
would  be  played  back  once  before  erasure  and 
reuse.  One  important  point  is  that  the  machine 
usually  is  designed  so  that  you  cannot  start  it  in 
the  record  mode  without  manually  releasing  the 
lock  on  the  lever  or  pushbutton  used  to  turn  the 
machine  on. 

5-47.  The  actual  number  of  other  controls 
depends  on  the  make  and  model  of  the  video 
tape  machine  you  are  using.  These  include  the 
controls  that  adjust  the  levels,  alignments,  equa- 
lizers, deflection  circuits,  and  others.  Other 
mechanical  controls  may  be  located  at  points 
throughout  the  tape  machine.  At  those  times 
when  the  electronic  controls  will  not  make  suffi- 
cient corrections,  it  is  necessary  to  make  mechani- 
cal changes.  An  example  is  the  head-tip  pene- 
tration which  can  cause  the  signal  to  drop  out 
when  there  is  not  enough  negative  clearance.  If 
you  have  a  weak  signal  on  playback,  and  adjust- 
ment of  various  level  controls  does  not  result  in 
a  satisfactory  signal,  you  should  check  the 
mechanical  contact  between  the  head  and  the 
tape.  If  the  special  tape  guide  is  adjusted  in- 
correctly or  the  head  tip  is  worn  until  the  tape 
is  not  stretched  properly,  you  will  have  the  same 
weak  signal  symptom. 

5-48.  Much  of  the  maintenance  of  a  video 
tape  machine  consists  of  cleaning,  lubricating,  re- 
placing tubes  (tube  models  only),  and  evaluating 
overall  performance.  There  should  be  a  schedule, 
such  as  the  one  recommended  by  the  manu- 
facturer, for  oiling  and  cleaning.  Local  condi- 
tions will  affect  the  cleaning  routine  for  filters; 
for  example,  an  installation  in  a  relatively  dust- 
free  area  will  not  require  filter  cleaning  as  often 
as  a  portable  field  unit.  Do  not  overlubricate. 
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but  be  sure  to  apply  enough  oil.  Tube  replace- 
ment usually  will  not  be  a  problem,  except  to 
keep  balanced  drivers  and  amplifiers  in  circuits 
having  multisignal  paths.  In  transistorized  tape 
machines,  special  effort  is  made  to  work  out  initial 
troubles  at  the  time  of  installation;  consequently, 
they  arc  trouble  free  in  comparison  with  tube- 
type  machines. 

5-49.  Whether  designed  for  audio  or  video 
operation,  magnetic  tape  is  a  flexible  plastic  base 
material.  The  coating  may  be  one  of  a  variety  of 
magnetic  materials  which  cannot  tolerate  rough 
handling.  Rough  handling  may  erase,  partially 
or  completely,  a  recorded  tape.  The  quality  of 
the  signal  obtained  from  a  tape  depends  upon 
the  smoothness  of  the  coating  and  the  closeness 
of  tape-to-head  gap  contact.  Any  physical  dam- 
age to  the  recording  surface  then  results  in  me- 
chanical distortion,  thereby  degrading  the  signal. 
Other  considerations  of  tape  care  include  the 
smoothness  of  each  surface  over  which  the  tape 
travels  through  the  tape  transport  mechanism.  Ex- 
cessive temperatures  during  operation  or  storage 
can  cause  damage  to  the  mechanism,  and  tape 
guides  can  cause  edge  damage.  A  change  in 
humidity  or  excessive  dampness  is  another  fac- 
tor, and  you  must  also  watch  for  any  sign  of 
buckling,  cinching,  or  slippage  on  the  reels. 

5-50.  Troubles  in  video  tape  recorders/repro- 
ducers can  be  diagnosed  in  the  same  basic  ways 
as  in  other  equipment.  You  take  any  given  symp- 
tom, check  the  obvious  trouble  sources  first,  then 
the  less  likely,  and  on  to  the  least  likely.  Use 
available  publications  and  follow  the  recommen- 
dations of  the  manufacturer  whenever  possible; 
this  practice  may  lead  you  to  a  quick  solutioni 
5-51.  Kinescope  Recorders.  The  recording  of 
television  programs  on  motion  picture  film  is 
called  kinescope  recording.  It  is  a  means  of 
storing,  on  motion  picture  film,  electrical  waves 
corresponding  to  both  the  picture  and  the  sound 
portion  of  a  television  program.  Kinescope  re- 
cording equipment  may  be  used  to  record  a 
transient  display  where  immediate  observation  by 
television  is  a  necessary  but  not  sufficient  meas- 
ure of  control,  to  record  an  otherwise  unat- 
tended operation  where  observation  is  necessary 
but  immediate  observation  is  impractical,  and  to 
record  televised  instructional  programs  for  analy- 
sis or  future  use.  When  a  permanent  recording 
or  many  copies  of  the  recording  of  the  tele- 
vised signal  are  required,  film  is  often  used  in 
preference  to  magnetic  tape. 

5-52.  EquipfYient.  A  kinescope  recorder  must 
be  capable  of  synchronization  with  the  television 
monitor  and  of  resolving  the  timing  differences 
between  it  and  the  television  monitor.  The 
camera  exposure  time  must  be  controlled  very 
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accurately  and  synchronized  with  the  television 
system.  Special  equipment  has  been  developed 
to  meet  these  requirements.  Equipment  required 
for  accomplishing  a  motion  picture  film  recording 
•  of  the  presentation  shown  by  a  television  monitor 
includes  (I)  a  television  monitor  (a  high-intens- 
ity short-persistence  cathode-ray  tube),  (2) 
a  recording  motion  picture  camera  (usually 
1 6mm).  and  (3)  the  equipment  for  recording  the 
sound  simultaneously  with  the  picture. 

5-53.  Figure  31  shows  a  television  recording 
system  consisting  of  both  picture  and  sound  re- 
cording channels  employing  separate  cameras 
and  film  for  each  operation.  The  video  record- 
ing channel  consists  of  a  suitable  video  ampli- 
fier, deflection  circuits,  a  cathode-ray  tube,  and 
the  film  camera.  The  sound  recording  channel 
consists  of  a  suitable  audio  amplifier,  a  recording 
amplifier,  and  the  sound  recorder  itself. 

5-54.  As  you  can  see,  video  recording  is  a 
combination  of  the  techniques  of  television  elec- 
tronics and  photography.  (Electronic  techniques 
will  be  covered  in  paragraphs  5-58  through  5- 
67.)  A  brief  discussion  of  pertinent  photography 
terms  and  techniques  is  considered  to  be  ap- 
propriate and  is  included  at  this  point. 

5-55.  Sensitomctr>-  is  the  measurement  of  the 
light  response  characteristics  of  photographic 
film  under  specified  conditions  of  exposure  and 
development.  Gamma  is  the  ratio  of  the  con- 
trast of  any  two  elements  in  the  scene  being 
televised:  gamma  control  (or  correction)  is  ac- 
complished by  the  introduction  of  nonlinear  out- 
put-input characteristics  which  change  the  ef- 
fective value  of  gamma.  A  good  print  requires  a 
good  negative  with  maximum  gradation— a  grad- 
ual shading  of  one  tint,  tone,  or  color  into  another. 
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The  gray  scale  of  the  negative  is  the  result  of 
( I )  time  and  intensity  of  exposure  and  (2)  time, 
temperature*  and  concentration  of  the  developer. 

5-56.  The  same  requirements  must  be  met  in 
order  to  produce  a  satisfactorily  bright  kinescope 
recording.  The  time  of  film  exposure  is  deter- 
mined by  the  television  frame  rate,  whereas  the 
intensity  of  light  is  controlled  by  the  brilliance 
of  the  scene  on  the  face  of  the  cathode-ray  tube 
and  by  the  opening  of  the  lens  (f/stop).  The 
intensity  of  light  is  influenced  by  the  region  of 
operation  on  the  characteristic  curve  of  the 
cathode-ray  tube;  the  amount  of  light  reaching 
the  film  is  determined  by  the  lens  opening  (f/ 
stop)  of  the  camera. 

5-57.  Development  of  the  film  is  as  impor- 
tant as  its  exposure  and  must  be  fu'*y  controlled. 
The  contrast  ratio  of  a  developed  film  is  ex- 
pressed in  terms  of  light  transmission  of  the  film 
after  it  has  been  developed.  The  determination 
of  optimum  operating  levels  for  contrast  in  film 
recording  involves  considerable  initial  testing. 
Once  the  optimum  settings  are  made,  they  are 
used  continuously.  However,  periodic  checks  of 
film  results  should  be  made  to  determine  what, 
if  any,  readjustments  should  be  made.  The  test 
strip  method  of  evaluating  operation  is  desirable 
because  it  permits  a  rapid  check  of  the  various 
adjustments  in  the  shortest  period  of  time.  Great 
care  must  be  taken  that  developer  concentration, 
age,  and  temperature  are  controlled.  Operation 
and  service  manuals  for  the  video  recording  moni- 


tors include  detailed  instructions  for  making  strip 
tests. 

5-5 S.  Vukut  rccordinif.  Wc  ,„have  discussed 
some  of  the  equipment  and  photographic  require- 
ments for  kinescope  recording.  A  very  important 
requisite  of  video  recording  is  that  the  exposure 
time  of  the  recording  camera, must  be  very  ac- 
curately controlled  and  synchronized  with  the 
television  system.  Let  us  now  discuss  the  syn- 
chronization process. 

5^59.  The  time  of  film  exposure  is  determined 
by  the  television  frame  rate.  This  rate  in  the 
United  Slates  is  30  frames  per  second,  whereas 
the  standard  motion  picture  projector  frame  rate 
is  24  frames  per  second.  This  means  that  all 
television  recordings  made  on  motion  picture  film 
require  conversion  of  30  television  frames  to  the 
standard  24  motion  picture  frames.  At  the  24- 
frame-per-second  rate,  6  television  frames  out  of 
the  30  which  occur  every  second  must  be \ dis- 
carded. The  time  interval  represented  by  these 
6  television  frames  may  be  used  to  provide  the 
necessary  pulldown  time  in  the  television  record- 
ing camera.  The  problem  of  reconverting  from 
the  standard  24  motion  picture  frame  rate  to  the 
30  television  frame  rate,  when  projecting  a  mo- 
tion picture  film  on  television,  will  be  covered  in 
the  discussion  of  1 6mm  film  projectors  (para- 
graphs 6-2  through  6-5  of  this  chapter). 

5-60.  Figure  32  shows  a  possible  conversion 
time  relationship  between  television  field,  rec- 
orded film  frames,  and  film  pulldown.  Note  that 
each  television  field  has  a  duration  of  sec- 
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Figure  32.    Convrrsion  time  relationship  between  television  scanning  and  film  exposure. 
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ond  and  each  frame  has  a  duration  of  'm„  sec- 
ond whereas  each  motion  picture  frame  has  a 
duration  of  '  'm  second.  Let's  analyze  the  opera- 
tion which  accomplishes  the  desired  conversion  A 
motion  picture  camera  capable  of  pulling  the 
film  down  within  the  available  time  interval  is 
focused  upon  the  television  image  on  the  face  of 
•  the  television  monitor.  With  film  in  the  camera 
aperture,  the  shutter  is  permitted  to  open  while 
the  picture  tube  beam  is  tracing  one  ticld  o 
the  television  picture-figure  32  shows  a  TV 
A  field  being  scanned  first.  The  shutter  is  per- 
mitted to  remain  open  for  the  remainder  of  that 
A  field  s  scanning  time,  plus  one  B  field  s  scan- 
ning time,  plus  the  portion  of  the  next  A  fieds 
scanning  time-which  is  exactly  equal  to  the  lost 
(blanked)  portion  of  the  initial  A  fields  scan. 


The  shuiier  is  then  closed  for 


1 2<» 


second. 

The  motion  picture  film  is  pulled  down  to  the 
next  frame  while  the  shutter  is  closed^  During 
this  interval  the  picture  tube's  scanning  beam  has 
continued  on  its  way  and  has  scanned  down  to 
approximately  three-fourths  of  the  A  field  on 
which  the  shutter  closed.  The  shutter  again  openS 
and  the  camera  photographs  the  remaining  lower 
portion  (approximately  one-fourth)  of  this  A 
field  the  whole  of  the  next  B  field,  and  a  top 
portion  of  the  next  A  field.  Note  that  the  top 
portion  of  this  last  A  field  is  equal  to  the  pre- 
vious A  field's  scanning  time  minus  the  portion 
picked  up  by  the  camera  when   the  shutter 
opened    Again,  the  shutter  closes  for  sec- 
ond and  the  film  is  pulled  down  to  the  next 
frame.  The  shutter  again  remains  open  for 
second  (the  time  of  two  television  fields)  and 
then  closes.  If  you  follow  the  action  as  illustrated 
in  ficure  32.  vou  will  see  that  two  half  fields 
out  of  everv  five  fields  scanned  by  the  television 
process  are'  not  photographed.  This  is  the  same 
ratio  as  6  fields  out  of  every  30  fields;  thus,  the 
required  conversion  of  30  television  frames  to  24 
motion  picture  frames  is  accomplished. 

5-61  Since  a  portion  of  one  television  field 
is  discarded  during  pulldown  for  the  recorded 
field  some  means  of  preventing  film  exposure 
during  pulldown  must  be  provided.  This  may 
be  accomplished  by  either  a  mechanical  or  elec- 
tronic shutter  which  performs  the  cyclic  steps  of 
starting,  stopping,  and  timing  each  film  exposure. 
Our  discussion  is  limited  to  the  electronic  shutter. 

5-62  Shutter  action  and  pulldown  action 
must  be  correctly  timed  with'  respect  to  each 
other.  Figure  33  is  a  block  diagram  of  the  cir- 
cuits comprising  a  typical  electronic  shutter  to- 
gether with  a  timing  diagram.  The  diagram  shows 
a  shutter  gate  generator  that  is  blanking  the 
cathode-rav^  tube  during  a  portion  of  the  film 
cycle.   The  phasing  and  timing  of  the  shutter 


gate  arc  established  by  associated  electronic  cir- 
cuits. One  of  these  circuits  opens  the  gate  and 
starts  the  liming  action  as  soon  as  pulldown  of 
the  preceding  exposed  frame  has  been  com- 
pleted. Another  circuit  times  the.  exposure,  and 
a  third  circuit  closes  the  gate. 

5-63.  Counting  circuits  are  used  to  time  the 
film  exposure,  their  use  is  possible  since  each 
television  frame  contains  exactly  525  horizontal 
scanninu  lines.  The  counting  circuits  blank  the 
cathode-ray  tube  after  the  correct  number  of  hor- 
izontal lines  have  been  scanned.  The  film  expo- 
sure may  be  initiated  on  any  horizontal  line. 
Once  started,  it  continued  until  completion  of  the 
television  frame  and  then  stops  until  triggered  by 
a  cycline  pulse.  Camera  film  pulldown  starts  af- 
ter the  exposure  stops.  When  pulldown  is  com- 
pleted and  the  film  has  become  stationary,  the 
camera  generates  the  cycling  pulse  which  starts  a 
new  cycle.   The  cycling  pulse  is  an  electronic 
pulse  initiated  by  a  mechanical  timing  sequence. 

5-64.  The  output  of  the  start  coincidence  cir- 
cuit is  the  start  pulse,  which  initiates  film  expo- 
sure. It  is  a  two-stage  stable  circuit  with  one  tube 
conducting  heavily  and  the  other  tube  biased  be- 
low cutoff.  The  cycling  pulse  is  applied  to  the 
start  coincidence  circuit  and  the  conducting  tube 
is  cut  off;  its  grid  voltage  instanteously  reaches 
maximum  neeative  value  and  then  begins  its 
buildup  action.   However,  this  action  does  not 
initiate  the  actual  exposure.  Horizontal  synchro- 
nizing pulses  (one  per  horizontal  scanning  line) 
are  also  applied  to  the  start  coincidence  circuit. 
Within  the  time  of  a  few  scanning  pulses,  the 
arid  voltaee  of  the  cutoff  tube  rises  sufficiently 
for  one  of"  the  synchronizing  pulses  to  trigger  the 
circuit.    As  stated  earlier,  this  synchronizing 
pulse  mav  lie  anywhere  in  the  scanning  cycle;  it 
becomes  the  start  pulse,  which  opens  the  shutter 
gate. 

5-65.  The  shutter  gate  generator  is  a  two-stage 
circuit  which  has  two  stable  conditions  charac- 
terized by  conduction  of  one  or  the  other  of  the 
two  tubes.  It  has  two.outputs.  one  of  which  is  ap- 
plied to  the  control  grid  of  the  cathode-ray  tube. 
Before  the  start  pulse  is  received,  a  negative  out- 
put blanks  the  cathode-ray  tube  (shutter  gate  is 
closed).  The  start  pulse  reverses  the  stable  con- 
dition of  the  circuit,  causing  a  positive  output  to 
unblank  the  cathode-ray  tube  (open  the  shutter 
gate)  and  camera  film  exposure  action  to  begin, 
the  exposure  action  is  continuous  until  a  televi- 
sion frame  is  completed.  Upon  completion  of  the 
television  frame,  a  stop  pulse  from  the  stop  coin- 
cidence circuit  is  applied  to  the  shutter  gate  gen- 
erator and  its  output  blanks  the  cathode-ray 
tube,  thus  stopping  the  exposure  action  until  an- 
other cycling  pulse  is  received. 
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5-66.  The  other  output  from  the  shutter  gate 
generator  is  applied  to  the  counting  circuit.  Hori- 
zontai  synchronizing  pulses  arc  also  applied  to 
the  counter  circuit.  The  shutter  gate  output  which 
is  initiated  by  the  start  pulse  begins  the  counter 
action.  Th\:  counter  circuit  includes  ten  counter 
stages  consisting  of  two  diode  sections  each.  Its 
operation  is  similar  to  that  of  a  •  conventional 
binary  counter,  with  combinations  of  connections 
between  each  reset  diode  and  its  associated 
counter  diode  made  in  such  manner  that,  when 
the  overall  circuit  count  of  524  incoming  pulses 
is  reached,  an  output  pulse  is  generated  (see 
upper  left,  fig.  33). 

5-67.  The  output  pulse  from  the  counter  cir- 
cuit is  applied  to  a  stop  coincidence  circuit.  The 
stop  coincidence  circuit  is  similar  to  the  start  co- 
incidence circuit,  with  the  524  count  pulse  taking 
the  place  of  the  start  pulse  as  one  of  the  inputs. 
The  other  input,  the  string  of  horizontal  synchro- 
nizing pulses,  is  the  same.  The  output  is  the  stop 
pulse.  The  stop  coincidence  circuit  contributes 
the  525  count.  It  stops  both  the  e.xposure  action 
and  the  timing  action.  Again,  camera  film  pull- 
down starts.  When  pulldown  is  completed  and 
the  film  has  become  stationary,  the  camera  gen- 
erates another  cycling  pulse  which  starts  a  new 
cycle. 

5-68.  Sound  recording.  Sound  recording  of 
television  programs  on  magnetic  tape  was  dis- 
cussed earlier  in  this  chapter.  The  sound  portion 
of  a  television  program  may  also  be  recorded 
on  motion  picture  film.  In  kinescope  recording, 
the  sound  portion  and  video  portion  of  the  pro- 
gram are  recorded  simultaneously.  Either  the 
single-film  system  or  the  double-film  system  of 
recording  may  be  used.  In  the  double-film  . 
method,  separate  motion  picture  cameras  are 
used  to  record  the  video  and  sound  portions  of 
the  television  program  on  separate  films.  In  the 
single-film  system,  video  and  sound  are  recorded 
simultaneously  and  the  audio  output  of  a  record- 
ing amplifier  is  fed  to  the  film  camera,  rather 
than  to  a  separate  sound  recorder.  In  either 
system,  appropriate  conventional  audio  amplifier 
circuits  may  be  used.  A  sound  track  varying  in 
either  area  or  density  is  photographed  on  motion 
picture  film.  The  density  or  area  variations  in 
the  sound  track  are  directly  proportional  to  the 
amplitude  of  the  incoming  audio  signal. 

5-69.  Figure  34  is  a  block  diagram  of  a  single- 
film  system  of  television  recording.  The  single- 
film  system  usually  utilizes  a  galvanometer  modu- 
lator unit  which  records  a  variable  density 
photographic  sound  track  on  the  film.  A  mirror  is 
attached  to  the  galvanometer.  As  the  galvanom- 
eter fluctuates  with  the  audio  signal,  the  mirror 
changes  its  position  and  varies  the  amount  of  light 
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Fiuure  34,    SinKfe^/thn  tclvvisioti  recnrdinu  system. 

reaching  the  film.  This  results  in  a  variation  iii 
density  exposure  of  the  sound  track. 

5-70.  Video  and  sound  synchronization.  In 
the  single-film  system  the  sound  track  is  photo- 
graphed on  one  side  of  the  picture  track,  between 
one  set  of  sprocket  holes  and  one  edge  of  the 
picture.  The  film  must  be  stationary  when  video 
tape  is  exposed;  however,  the  film  must  move 
continuously  to  expose  the  sound  film.  Each 
camera  has  its  own  film  loading  diagram  or  guide 
which  must  be  followed  for  satisfactory  recording. 
The  film  loops  are  especially  critical.  When 
sound  and  video  signals  are  simultaneously  re- 
corded, the  sound  record  precedes  the  video  rec- 
ord by  26  film  frames.  The  bottom  film  loop 
is  e.xactly  26  frames  in  length.  This  loop  permits 
the  film  to  move  continuously  around  the  sound 
recording  drum.  Deviation  from  this  26  film 
frame  length  loop  results  in  a  lead  or  lag  of 
sound  in  reference  to  the  picture  when  the  com- 
posite television  signal  is  reproduced.  The  upper 
film  loop  permits  continuous  motion  of  the  film 
from  the  camera  during  intermittent  film  pull- 
down. If  this  loop  is  too  short,  the  video  will 
jump  or  flutter  when  reproduced.  (For  further 
information  concerning  reproduction  problems, 
refer  to  the  troubleshooting  chart  for  16mm 
film  projectors  shown  in  paragraph  6-22  of  this 
chapter.)  In  the  double-film  system  of  television 
recording,  synchronization  of  the  video  and  sound 
signals  is  usually  accomplished  by  employing  syn- 
chronous motor  drives  in  both  units. 

5-71.  Maintenance  requirements.  Since  kine- 
scope recording  requires  critical  synchroniza- 
tion of  the  television  monitor  and  the  camera  re- 
cording equipment,  it  is  important  that  optimum 
operational  standards  be  maintained  for  all  me- 
chanical and  electrical  operations.  Detailed  in- 
structions for  operational  checks  are  included  in 
the  manuals  of  operation  which  are  furnished 
with  each  kinescope  recorder.  I'hc  instructions 
should  be  followed  carefully. 
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5-72.  The  television  monitor  should  be  in- 
stalled so  that  it  is  free  of  vibration  and  floating 
properly  on  its  shock  mounts  to  prevent  distor- 
tion.  There  never  should  be  anything  jammed 
under  it  nor  placed  on  top  of  it.  Cathode-ruy 
tube  and  cable  installation  instructions  should  be 
observed  carefully.   For  best  recording  results, 
periodic  checks  are  necessary  to  determine  cer- 
tain optimum  operating  levels.  Once  established, 
the  settings  are  used  continuously.  However,  be- 
cause aeing  of  components  (particularly  in  the 
•cathode-ray  tube)  causes  optimum  settings  to 
change  slowly  with  time,  film  results  should  be 
checked  periodically  to  determine  which,  if  any, 
readjustments  should  be  made. 

5-73.  Since  critical  tolerances  must  be  ob- 
served in  all  servicing  procedures  other  than  sim- 
ple adjustments  to  ^the  recording  camera,  the 
camera  should  be  returned  to  the  factory  when 
such  servicing  is  considered  necessary.  For  this 
reason,  your  major  responsibilities  for  the  mam- 
tenance  of  the  kinescope  recorder  will  consist  of 
preventive  maintenance.  Neglect  of  camera  equip- 
ment may  cause  cumulative  minor  damage,  which 
can  result  in  loss  of  operating  time.  The  interior 
of  the  film  compartment  should  be  cleaned  fre- 
quently with  a  clean,  lint-free  cloth  and  a  soft 
brush.  All  sprockets  and  pad  rollers  should  be 
inspected  for  dust,  nicks,  and  other  damage.  Any 
foreign  matter  should  be  moved  with  a  soft  brush. 
Since  the  pad  rollers  must  be  free  to  rotate  easily, 
occasional  lubrication  is  necessary.    The  cam- 
claw  mechanism  requires  frequent  lubrication. 
The  lens  should  be  removed  and  cleaned  with  u 
lens  tissue.   (Procedures  for  cleaning  lens  sur- 
faces are  discussed  in  paragraph  2-23,  Section  2, 
Chapter  I  of  this  volume.)  Caution  should  be 
taken  to  insure  that  the  lens  is  returned  to  its 
exact  position  and  reset  to  the  proper  focus  and 
f/stop. 

5-74.  The  galvanometer  modulator  unit  must 
be  kept  clean.  The  covers  should  be  opened  only 
when  necessary  and  closed  immediately  there- 
after When  the  unit  is  out  of  the  camera,  the 
front  lens  should  be  covered.  Under  no  circum- 
stances should  the  mask  be  exposed,  because  it 
rcadilv  collects  dirt  and  dust.  The  lamp  may  be 
cleaned  by  breathini:  on  it  and  wiping  it  with  a 
lint-free  cloth.  The  lamp  should  be  replaced 
when  the  filament  sags  or  the  envelope  begins  to 
darken. 

5-7 We  cannot  overemphasize  the  impor- 
tance of  observing  proper  film  loading  procedures. 
Improper  loadine  of  thl:  camera  film  is  mani- 
fested in  undesirable  results,  such  as  film  dam- 
age, picture  unsteadiness,  and  improper  synchro- 
nizatioij  of  picture  and  sound. 


6.  Projectors 

6-1.  Both  moving  film  projectors  and  slide  pro- 
jectors will  be  discussed  in  this  section.  The 
16mm  and  3Smm  moving  film  projectors  will 
be  compared,  showing  the  relative  advantages 
and  disadvantages  of  each  machine.  Conversion 
of  the  film  frame  rate  to  the  television  frame  rate 
will  be  included  and  should  be  of  special  interest 
to  the  maintenance  technician.  The  maintenance 
requirements,  troubleshooting  procedures,  physi- 
cal characteristics,  and  other  special  features  of 
the  1 6mm  film  projector  will  be  explained.  (You 
may  wish  to  review  Chapter  I  of  this  volume  for 
an  explanation  of  the  operating  characteristics  of 
rear  screen  projectors.)  The  more  intricate  fea- 
tures and  complex  component  arrangements  pe- 
culiar to  slide  projectors  employing  dual  optical 
systems  will  be  our  major  concern  in  this  sec- 
tion, 

6-2,  16min  Projectors.   The  standard  16mm 
film  projector  and  the  1 6mm  film  projector  used 
in  television  differ  in  three  basic  criteria.  First, 
the  standard  projector  has  a  frame  rate  of  24 
frames  per  second  (fps),  whereas  the  television 
system,  as  previously  explained,  operates  at  30 
frames  per  second  (fps).   Since  this  difference 
exists,  some  means  of  conversion  from  the  24 
frame  projection  rate  to  the  30  frame  television 
rate  must  be  devised.  Second,  while  the  stand- 
ard projector  needs  no  synchronization,-  a  projec- 
tor used  in  television  must  be  synchronized  with 
the  camera  to  insure  their  sequential  operation. 
Third,  the  projection  cycle  of  the  television  film 
projector  must  be  adaptable  to  peculiar  needs 
and  applications.   Some  projector  requirements 
peculiar  to  television  concern  the  lens  and  audio 
specifications.  The  projector  lens  must  have  a 
short  throw  (focal  length)  and  moderate  magni- 
fication factor.  The  sound  system  must  be  com- 
patible with  live  programming. 

6-3.  Flicker  reduction.  The  standard  16mm 
projector  uses  a  frame  rate  of  24  fps,  with  each 
frame  being  interrupted  twice,  once  for  film  pull- 
down and  once  to  increase  the  flicker  frequency. 
This  creates  a  flicker  frequency  of  48  times  per 
second,  which  is  much  less  noticeable  to  the  hu- 
man eye  and  gives  the  appearance  of  a  constant 
imaae.  At  this  frequency  each  showing  of  the 
frame  may  be  considered  as  a  field.  However, 
as  stated  earlier,  the  television  scan  rate  is  30 
frames  per  second  or  60  fields  per  second;  thus 
a  conversion  problem  exists. 

6-4.  Conversion  from  24  to  30  frames  per  sec- 
ond (fps).  One  solution  to  conversion  is  the  use 
of  an  intermittent  film  pulldown  and  shutter 
mechanism  in  conjunction  with  a  storage  type 
pickup  tube.  Light  is  flashed  on  the  pickup  tube 
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only  during  the  vertical  retrace  time,  and  the 
tube's  photosensitive  clement  retains  the  imaue 
long  enough  for  scanning  during  the  following 
dark  period.  By  referring  to  figure  35  we  see 
that  the  film  picture  frames  are  moved  through 
the  projector  in  alternate  steps  of  ^  -u,  and  sec- 
ond, maintaining  the  necessary  second  aver- 
age. Actual  pulldown  occurs  between  light 
flashes,  and  the  pickup  tube  is  illuminated  alter- 
nately two  and  three  times  per  picture  frame. 
Note  that  the  sequence  of  pulldown  for  four 
picture  frames  takes  the  same  time  (^^  second) 
as  is  needed  for  10  television  scans  of  5  tele- 
vision frames;  thus,  the  two  systems  are  made 
synchronous — i.e..  60  pictures  or  30  television 
frames  are  completed  each  second,  while  the  aver- 
age speed  of  the  film  remains  at  ?4  frames  per 
second. 

6-5.  Converting  the  24  frame  rate  to  the  30 
frame  rate  is  accomplished  with  a  specially  de- 
signed intermittent.  The  intermittent  has  a  three- 
sided  geneva  movement^  which  pulls  the  film 
down  for  unequal  time  intervals.  Alternate 
frames  dwell  in  the  film  gate  S,.  second  longer 
than  the  preceding  and  following  frames.  Light 
pulses  of  very  short  duration  ('tM,,*,  second),  re- 
curring 60  times  per  second,  flash  twice  through 
the  first  frame,  three  times  through  the  second, 
twice  through  the  third,  three  limes  through  the 
fourth,  etc.  Scanning  begins  immediately  at  the 
end  of  each  light  flash  and  completes  itself  while 
the  film  is  not  illuminated.  The  action  just  de- 
scribed is  possible  because  of  the  storage  prop- 
erties of  the  pickup  tube. 

6-6.  Projector  synchronirjni:.  As  mentioned 
earlier,  television  film  projectors  require  synchro- 
nization. To  insure  proper  sequential  operation, 
the  shutter  and  intermittent  pulldown  drives  must 
be  phased  and  locked  together.  Further,  to  in- 
sure simultaneous  operation  of  the  projector  and 
television  scanning  process,  the  projector,  tele- 


vision camera,  and  synchronizing  waveform  gen- 
erator must  be  locked  and  phased  together. 

6-7.  The  synchronization  process  normnlly  is 
accomplished  by  using  a  unique-phase  synchro- 
nous motor  to  drive  the  projector.  The  synchro- 
nizing wa\eform  generator  and  the  unique-phase 
synchronous  motor  are  simultaneously  locked  to 
the  a-c  power  supply.  The  unique-phase  syn- 
chronous motor  satisfies  two  definite  require- 
ments: (I)  it  is  designed  to  lock  to  the  a-c 
line  frequency;  (2)  the  rotor  and  field  eoils  are 
wound  to  permit  only  an  in-phase  line  lock.  An 
ordinary  synchronous  motor  can  be  used  in  lieu 
of  the  unique-phase  synchronous  motor,  provided 
care  is  exercised  to  insure  its  operation  in  phase 
with  the  line  frequency.  These  precautionary 
measures  are  necessar\  because  the  ordinary  syn- 
chronous motor  can  be  operated  in  phase  with  or 
ISO*'  out  of  phase  with  the  a-e  line  frequency. 
If  operation  of  the  synchronous  motor  is  ISO"^ 
out  of  phase  with  the  a-c  line  frequency,  the 
image  will  be  projected  while  the  picture  is  being 
scanned.  Notice  in  figure  35  that  the  light  is 
applied  only  during  vertical  blanking.  For  both 
the  unique-phase  and  ordinary  synchronous  types, 
motor  design  is  such  that  little  change  in  torque 
angle  occurs  under  varying  load  conditions  dur- 
ing film  and  projector  operation. 

6-8.  Use  of  a  unique-phase  synchronous  mo- 
tor is  unnecessary  when  a  pulsed  light  or  flash 
tube  is  used  in  the  projector.  In  this  situation  an 
ordinar>  synchronous  motor  may  be  used  to  drive 
the  projector  because  there  is  no  shutter  and  the 
light  source  is  contnilled  by  the  synchronizing 
waveform  generator.  Since  the  light  is  controlled 
by  the  synchronizing  waveform  generator  and  is 
not  dependent  upon  a  motor  or  the  a-e  power 
supply  frequency,  the  liiiht  flashes  are  alwins 
in  the  proper  phase. 

6-9.  Regardless  of  the  type  of  synchronous 
motor  used,  the  phase  relutionship  between  the 
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projccior  and  synchronous  waveform  generator  is 
very  critical.  However,  this  requires  adjustment 
only  during  the  original  installation,  unless  a 
major  malfunction  or  slippage  occurs. 

6-10.  Projector  adaptability.  In  terms  of  film 
capacity  the  16mm  film  projector  is  much  more 
adaptable  than  the  35mm  projector  and  satisfies 
the  needs  of  television  to  a  greater  degree.  A 
comparison  of  running  times  and  film  *  lengths 
(see  fig.  36)  readily  demonstrates  the  advantages 
of  the  16mm  projector.  Since  much  of  the  tele- 
vision programming  time  consists  of  an  hour  or 
more  in  Tength.  the  4000-fool  (approximately 
1  hour  and  45  minutes)  film  capacity  of  the 
16mm  projector  more  fully  meets  most  television 
requirements.  Other  factors  besides  limited  film 
capacity  restrict  the  use  of  35mm  projectors— 
e.g..  bulk  storage,  weight,  and  city  ordinances 
restricting  the  length  of  35mm  film.  Safety  is 
still  another  factor  resulting  in  the  more  extensive 
use  of  16mm  film  and  16mm  projectors.  All 
16mm  film  is  a  safety  base  film. 

6-11.  The  type  of  pulldown  mechanism  may 
also  affect  the  adaptability  of  the  television  film 
projector.  The  sprocket  or  claw  intermittent  pull- 
down mechanism  may  be  used.  Selection  of  the 
type  of  intermittent  depends  upon  the  features 
most  desired  in  the  projector.  The  most  signifi- 
cant advantage  of  the  sprocket  intermittent  is  its 
ability  to  help  increase  film  life.  The  claw  inter- 
mittent, however,  is  the  most  widely  used  be- 
cause of  its  capacity  to  handle  damaged  and 
spliced  film.  Also,  use  of  the  claw  intermittent 
makes  possible  the  restoration  of  a  lost  film  loop. 

6-12.  The  projector  optical  system  is  designed 
to  achieve  maximum  resolution  (a  minimum  ac- 
ceptable resolution  standard  is  600  lines).  Thus, 
the  projector  does  not  limit  the  overall  resolution 
of  the  television  system.  Light  efficiency  of  the 
optical  system  is  also  an  important  consideration. 
A  projector  designed  for  high  light  efficiency, 
while  using  a  smaller  light  source,  can  produce 
light  equivalent  lo  a  standard  film  projector.  The 
projector  should  produce  a  uniform  flat  field  of 
light  (less  than  10  percent  variation)  over  the 
entire  picture  area. 


6-13.  Ease  of  threading,  an  important  fea- 
ture to  be  considered  when  selecting  a  projector, 
is  determined,  to  a  large  extent,  by  component 
location.  Figure  37  shows  the  general  arrange- 
ment of  components  and  the  film  path.  Note 
that  ample  space  is  provided  to  permit  easy  place- 
ment of  the  film  around  the  sprockets  and  into 
the  film  gate,  thus  facilitating  film  reel  change 
when  using  multireel  film. 

6-14.  The  projector  selected  for  television  use 
should  be  both  stable  and  reliable  under  con- 
tinuous operating  conditions.  Projector  stability 
covers  two  general  areas:  (1)  its  construction 
should  be  solid  and  free  from  movement  in  any 
direction,  and  (2)  picture  stability  and  constant 
film  speed  are  important  factors  in  minimizing 
picture  jitter.  Proper  lateral  guidance  compen- 
sates for  dimensional  errors  in  the  film  and  . 
eliminates  horizontal  weave  and  unsteadiness. 

6-15.  Lens.  The  moving  film  projector,'^  as 
previously  stated,  requires  a  lens  with  a  short 
throw  (focal  length)  and  moderate  magnifica- 
tion. Since  the  film  projector  casts  the  image 
directly  upon  the  camera  pickup  tube,  the  lens 
focal  length  is  determined  by  the  distance  be- 
tween the  camera  and  projector.  This  distance 
is  seldom  more  than  a  few  feet.  The  magnifica- 
tion factor  is  determined  by  the  size  of  the  cam- 
era pickup  tube,  which  in  turn  dictates  image 
size.  These  focal  length  and  magnification  re- 
quirements also  apply  when  using  a  multiplexer. 

6-16.  Compatibility  of  the  audio  system.  The 
film  audio  must  have  good  frequency  response 
and  tonal  quality  to  insure  compatibility  with 
live  television  programming.  To  achieve  these 
qualities,  the  film  is  passed  over  the  sound 
drum  at  a.  constant  velocity.  A  pressure  roller 
is  employed  to  maintain  a  fixed  plane  for  the 
film  while  moving  over  the  sound  drum.  Note 
the  film  loop  between  the  film  gate  and  sound 
drum  in  figure  37.  This  loop  of  film  and  the 
balanced  flywheel  compensate  for  the  sporadic 
operation  of  the  intermittent  pulldown  mecha- 
nism. These  features  help  eliminate  film  flutter 
and  instability,  which,  if  not  eliminated,  cause 
wowing  and  fluctuation  in  the  audio  output. 

6-17.  Maintenance  requirements.  With  some 
additions,  the  maintenance  requirements  of  mov- 
ing film  projectors  are  much  the  same  as  those 
previously  discussed  for  rear  screen  projectors. 
However,  there  are  more  moving  components 
in  a  film  projector  than  a  slide  or  rear  screen 
projector;  thus  the  lubrication  procedures  are 
much  more  detailed. 

6-18.  Lubrication  of  motors  and  assemblies, 
such  as  the  shutter  motor,  the  blower  motor,  the 
takeup  assembly,  the  flywheel  drive  assembly, 
and  the  gear  boxes,  must  be  accomplished  at 
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Figure  37.    Optical  principles  and  movement  of  film  in  J6mm  film  projector. 


periodic  inten^als.  Use  of  the  proper  lubficani 
is  important  .  Since  several  types  are  used,  the 
manufacturer's  handbook  or  appropriate  techni- 
cal order  should  be  consulted  before  starting  these 
tasks. 

6-19.  Many  types  of  cleaning  agents  and  ma- 
terials are  necessary  for  different  projector  sec- 
tions. Lens  tissue  must  be  used  when  you  clean 
such  areas  as  the  soi  ?d  optical  unit,  the  sound 
optical  mirror,  filters,  condenser  lens,  and  the 
projection  lens.  You  must  also  exercise  caution 
when  working  near  the  sound  optical  mirror, 
since  touching  it  with  material  other  than  lens 
tissue  may  cause  permanent  damage.  Since 
other  projector  components,  such  as  the  rollers, 
sprockets,  and  sprocket  shoes,  will  withstand  more 
punishment,  you  may  use  a  brush  and  cleaning 
solvent  to  clean  these  sections.  The  sound  drum 
and  pressure  rollers  also  may  be  cleaned  with  a 
soft,  lint-free  cloth. 

6-20.  Several  components  in  the  moving  film 


projector  are  adjustable,  but  again  the  appro- 
priate instruction  manuals  should  be  consulted 
before  the  adjustments  are  performed.  Adjust- 
ments of  components  such  as  pulldown  intermit- 
tent, frame  stop,  sound  optical  unit,  and  sprocket 
shoe  are  very  critical;  therefore,  extreme  care 
must  be  exercised  when  making  adjustmenns  in 
these  areas.  Although  adjustments  of  the  idler 
gear,  pressure  roller,  and  damper  roller  are  less 
critical,  adjustments  in  these  areas  should  none- 
theless be  made  with  caution. 

6-21.  Because  wow  and  flutter  are  inherent 
problems  in  moving  film  projectors,  periodic  tests 
must  be  made  to  prevent  their  occurrence.  The 
frequency  response  and  overall  audio  reproduc- 
tion quality  must  be  checked  to  insure  optimum 
projector  operation.  Specially  produced  film 
strips  are  available  for  performing  these  quality 
checks. 

6-22.  Troubleshooting^.  Many  of  the  common 
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troubles,  with  possible  causes,  which  may  con- 
front you  are  listed  below: 

•  Loss  of  lower  film  loop— Torn  sprocket  hole 
in  film,  film  binding  in  the  gate,  dirt  on 
claw,  or  bad  spices. 

•  Loss  of  upper  film  loop — Film  improperly 
threaded  on  upper  sprocket. 

•  Picture  unsteady — Improper  threading  of 
projector,  emulsion  on  film  pressure  shoe, 
or  emulsion  on  aperture  plate. 

•  PicturcJIIumination  low — Dirty  projection 
lens,  dirty  condenser  lens,  or  dirty  reflector. 

•  No  audio — Improper  threading,  dirt  block- 
ing light,  or  tube  failure  in  amplifier. 

•  No  projected  image — Projection  lamp 
burned  out. 

Some  of  the  more  comple.\  problems  may  have 
the  same  symptoms  as  those  indicated  in  the  list. 
For  instance,  loss  of  the  lower  film  loop  can  also 
indicate  that  the  pulldown  claw  is  out  of  adjust- 
ment, the  claw  and  aperture  plate  are  touching, 
or  the  cam  travel  is  insufficient.  An  unsteady 
picture  could  indicate  causes  other  than  those 
listed;  for  example,  improper  claw  adjustment, 
worn  claw  teeth,  worn  intermittent  cam,  or  weak 
side  pressure  springs.  These  two  examples  merely 
point  out  some  trouble  symptoms  which  may 
indicate  either  major  or  minor  problems. 

6-23.  Slide  Projectors.  Several  types  of  slide 
projectors  may  be  employed  in  a  single  television 
system.  Since  all  slide  projectors  operate  on  the 
same  principle,  we  will  discuss  the  most  versatile 
of  these.  The  slide  projector's  versatility  is  deter- 
mined by  its  design  and  construction.  In  other 
words  a  slide  projector  with  dual  optical  paths, 
dual  slide  magazines,  preview  facilities,  and  dual 
lighting  features  is  much  more  adaptable  to 
changing  requirements  than  a  slide  projector  with 
only  a  single  optical  path,  single  light  source,  and 
limited  slide  capacity.  In  this  section  we  will 
discuss  the  overall  requirements,  characteristics, 
function,  and  operation  (electrical  and  mechani- 
cal) of  the  more  complex  slide  projectors. 

6-24.  Function.  Slide  projectors,  as  applied 
to  television,  are  generally  used  to  support  a 
program  script.  This  function  may  be  accom- 
plished in  many  ways.  An  image  may  be  pro- 
jected directly  upon  the  face  of  the  camera  pick- 
up tube,  or  when  more  than  one  projector  is 
used,  into  a  multiplexer.  Other  production  needs 
may  require  that  the  image  be  projected  upon 
a  projection  screen  from  either  the  front  or  rear 
(as  discussed  in  Chapter  I  of  this  volume).  How- 
ever, in  this  section  we  are  primarily  concerned 
with  slide  projectors  which  project  the  image 
directly  upon  the  camera  pickup  tube. 


6-25.  Requirements.  The  projector  pedestal 
or  base  must  be  constructed  to  prevent  undesira** 
ble  movement,  since  movement  of  the  slide  pro- 
jector itself  will  be  magnified  in  the  projected 
image.  The  slide  projector  must  also  be  designed 
to  permit  continuous  operation  for  extended  pe- 
riods of  time.  Component  size,  location,  and 
durability  are  important  features  to  be  considered 
.from  the  maintenance  viewpoint.  The  size  and 
location  of  the  slide  projector's  components  will 
determine  the  ease  with  which  maintenance  can 
be  performed.  The  durability  of  each  component 
will  determine  its  failure  rate,  which  in  turn  will 
determine  the  slide  projector's  reliability  and  con- 
sequently its  maintenance  requirements.  Like 
the  16mm  film  projector,  the  slide  projector  will 
probably  be  located  in  close  proximity  to  the 
camera  pickup  tube.  Consequently,  the  lens  re- 
quirements (focal  length  and  magnification  fac- 
tor) are  consistent  with  those  for  16mm  film 
projectors,  as  discussed  in  the  previous  portion 
of  this  section.  Other  requirements,  such  as  uni- 
form flatness  of  the  image  field,  light  efficiency, 
and  a  minimum  of  600  lines  of  resolution,  are 
equally  as  important  in  slide  projectors  as  they 
are  in  16mm  film  projectors. 

6-26.  Characteristics.  Since  many  of  the  slide 
projector  characteristics  are  related  to  its  re- 
quirements and  were  mentioned  only  briefly,  we 
will  develop  those  areas  more  fully  at  this  time. 
The  areas  we  are  primarily  concerned  with  are 
projector  flatness  of  field,  light  efficiency,  mini- 
mum resolution  standards,  lens  focal  length,  and 
magnification  features.  The  slide  projector,  to  be 
compatible  with  another  projector,  must  have 
the  same  characteristics.  Since  this  is  true,  the 
slide  projector  must  have  the  same  characteris- 
tics as  all  the  other  projectors  when  they  are  to 
be  used  interchangeably  or  multiplexed.  Thus, 
these  five  characteristics  must  be  the  same  for 
the  slide  projector  as  those  discussed  for  16mm 
film  projectors. 

6-27.  The  uniform  flatness  of  the  image  field 
of  slide  projectors  like  that  for  moving  film  pro- 
jectors should  not  be  less  than  90  percent.  That 
is.  light  intensity  through  the  dark  scenes  should 
be  no  more  than  10  percent  less  than  that  through 
light  scenes. 

6-28.  Light  efficiency  of  the  slide  projector  is 
determined  to  a  large  extent  by  the  condenser 
lens.  The  condenser  lens  collects  the  light  and 
concentrates  jt  upon  the  slide  area.  Thus,  the 
slide  projector  can  operate  satisfactorily  with  a 
smaller  light  source  with  less  heat  and  damage 
resulting  from  high  operating  temperatures. 

6-29.  The  resolution  requirements  for  slide 
projectors  used  in  television  must  meet  a  600- 
line  standard.  Thus  the  slide  projector  will  not 


37 


36x 


be  a  limiting  factor  on  the  rest  of  the  television 
system  s  resolution.  The  projection  lens  of  a  slide 
projector  must  have  a  short  throw  because  of 
the  short  distances  between  the  projector  and 
camera  pickup  tube.  Inasmuch  as  the  image  is 
projected  "upon  the  face  of  thf:  camera  pickup 
tube,  the  magnification  factor  of  the  projection 
lens  must  be  small. 

6-30.  Electrical  operation.  The  slide  projec- 
tor employing  dual  optical  paths  may  use  an 
electrical  means  for  transferring  light  from  one 
path  to  the  other.  The  easiest  way  of  accom- 
plishing this  electrically  is  to  use  two  projection 
lamps,  one  for  each  optical  path.  When  one 
optical  path  is  in  use,  its  projection  lamp  is 
turned  on  and  the  projection  lamp  for  the  other 
optical  path  is  turned  off.  As  the  optical  paths 
are  changed  the  slide  is  also  changed.  The  pro- 
jection lamp  used  for  the  first  optical  path  is 
turned  off  and  the  projection  lamp  for  the  sec- 
ond optical  path  is  turned  on.  Although  the  side 
projector  employing  a  dual  optical  system  and 
this  type  of  light  transfer  is  much  more  versatile 
than  a  slide  projector  employing  a  single  optical 
path,  one  great  disadvantage  presents  itself.  Be- 
fore the  second  projection  lamp  can  be  turned 
on,  its  filaments  must  be  preheated  to  prevent 
damage.  The  time  necessary  to  preheat  the  pro- 
jection lamp  filaments  produces  a  time  lag  be- 
tween slide  changes;  thus  the  program  continuity 
is  destroyed  to  some  extent.  Another  electronic 
device  which  will  improve  the  projector  versatil- 
ity is  a  remote  control  switch.   The  projector 


operator  can  then  remotely  turn  the  projector  on 
or  off  and  change  slides  in  cither  direcrtoii. 

6-31.  Mechanical  operation.  A  second  and 
much  more  efficient  means  of  transferring  light 
irom  one  optical  path  to  the  other  is  accomplished 
with  a  sliding  mirror.  This  method  of  transferring 
light  can  be  done  cither  elccirically  or  mechani- 
cally, and  many  slide  projectors  of  this  type 
will  employ  both  methods.  The  operator  then 
may  make  the  decision  as  to  which  method  is 
best  for  any  given  program  need.  The  greatest 
advantage  of  transferring  light  with  a  sliding 
mirror  is  the  instant  display  of  the  new  image. 
Figure  3^  illustrates  a  slide  projector  with  dual 
optical  paths  and  a  sliding  mirror  for  light  trans- 
fer from  one  path  to  the  other. 

6-32.  The  two  laws  of  mirror  action  as  llic\ 
apply  to  rear  screen  projectors  (discussed  in 
Chapter  1 )  also  apply  to  mirrors  when  used 
with  projectors  having  dual  optical  paths.  As  you 
will  probably  remember  these  laws  simply  state 
that  the  angles  of  incidence  and  reflection  arc 
equal  and  the  incident,  normal,  and  reflective 
rays  all  lie  in  the  same  plane 

6-33.  Maintenance.  The  maintenance  proce- 
dures for  slide  projectors  with  dual  optical  sys- 
tems are  similar  to  those  pertaining  to  rear  screen 
and  1 6mm  moving  film  projectors.  As  discussed 
in  the  rear  screen  and  16mm  film  projector 
sections,  the  primary  maintenance  functions  are 
cleaning,  inspection,  lubrication,  and  adjustment. 
These  functions  should  be  accomplished  at  pe- 
riodic intervals  in  the  manner  prescribed  by  the 
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appropriate  TO  or  mainlcnancc  instruction  man- 
ual. 

6-34.  Cleaning  of  all  lenses,  mirrors,  and  glass 
surfaces  is  accomplished  with  approved  cleuninu 
materials,  sinee  other  materials  may  cause  per- 
manent damage  to  these  components.  Inspect 
each  slide  projector  at  prescribed  time  intervals. 
Look  for  damaged,  broken,  burned,  or  loose 
components,  connectors,  and  intcrconnectmg  ca- 
bles.  If  you  discover  any  discrepancies,  repair 
or  replace  immediately.  All  slide  projector  mov- 
inn"  parts  or  components  require  lubrication.  Re- 
fer to  the  appropriate  TO  or  maintenance  instruc- 
tion manual  and  use  the  recommended  lubricant 
or  a  suitable  substitute.  Also,  check  and  adjust 
the  slide  projector's  position  in  relation  to  the 
camera  pickup  tube  when  necessary.  Proper 
positioning  is  necessary  to  provide  the  best  pos- 
sible resolution,  uniform  image  field,  and  prevent 
keystoning. 

7.  Vidicon  Multiplexers 

7-1.  Multiplexers  and  multiplexing  systems  are 
used  to  mi.x  several  video  inputs  and  produce  one 
output  tor  the  camera.  These  systems  may  also 
select  an  input  from  one  of  several  sources.  Many 
methods  are  used  to  accomplish  this  effect.  Some 
of  the  methods  used  are  swivel  or  track  mounted 
cameras  and  multiplexers  with  stationary  mirrors, 
movable  mirrors,  or  prisms.  The  most  complex 
systems  mav  employ  any  combination  of  the 
methods  mentioned  above.   Each  of  the  systems 
has  its  advantages  and  disadvantages;  the  method 
used  depends  entirely  upon  the  requirements  and 
available  space  of  the  individual  television  sta- 
tion. In  this  section  we  will  be  concerned  primar- 
ily with  vidicon  multiplexers  which  employ  differ- 
ent tvpes  of  mirrors  and  mirror  arrangements. 
Wc  w'ill  discuss  the  mechanical  considerations,  op- 
eration, mainienance,  and  troubleshooting  pe- 
culiar to  vidicon  multiplexers. 

7-2.  Mechanical  Considerations.  Since  multi- 
plexers and  multiplexing  systems  are  usually 
permanently  mounted  in  a  fixed  location,  they 
cannot  be  readily  moved  from  place  to  place. 
The  optimum  performance  of  the  multiplexer  then 
depends  upon  the  mechanical  requirements,  com- 
ponent characteristics,  and  component  functions. 

7-3.  Mechanical  nquirvntenrs.  Since  the  mul- 
tiplexer system,  unlike  field  and  studio  cameras. 
Dperates  irom  a  fixed  location,  it  must  be  both 
rigidiv  constructed  and  solidly  mounted  to  msure 
proper  registration  and  focus  of  the  projected 
imace  upon  the  face  of  the  vidicon  pickup  tube. 
All  mountings  for  movable  components  of  the 
multiplexer  must  be  exceptionally  rigid  tc  pre- 
vent vibration  during  operation. 


7-4.  The  mirrors  are  made  of  heavy  glass  to 
prevent  vibration  and  warping.  Consequently, 
jitter  and  geometric  distortion  arc  reduced  in  the 
output  presentation.  The  movable  mirrors  are 
mounted  on  bearings  to  permit  smooth  operation. 
The  second  surface  coating  of  all  front  surface 
mirrors,  whether  movable  or  stationary,  must  have 
a  low  reflective  quality,  because  high  reflection 
from  these  areas  produces  undesirable  spurious 
image  reflections  and  ghost  effect. 

7-5.  The  multiplexer  mirrors  must  be  shielded 
from  external  light  sources.  T+iis  light  should  not 
be  allowed  to  strike  the  mirrors  directly  since 
this  too  decreases  the  operating  efficiency  of  the 
mirrors  and  produces  spurious  image  reflections 
and  ghost  effect.  The  transmission  of  light  be- 
tween any  input  and  the  output  must  be  the  same 
if  a  free  choice  of  projector  arrangement  is  possi- 
ble. The  multiplexer  and  camera  optics  should 
be  compatible  with  each  other.  Their  optical 
paths  should  coincide  to  permit  proper  positioning 
of  the  image  on  the  vidicon  pickup  tube  and  aid 
in  maintaining  the  proper  optical  focus. 

7-6.  Characteristics.  The  multiplexer  spectral 
characteristics  should  be  neutral;  thus  the  gray- 
scale balance  will  not  be  disturbed  between  the 
video  channels.  Mirrors  with  clear,  precise  planar 
reflecting  surfaces  will  not  disturb  the  optical 
focus  and  uniform  flatness  of  the  image  field 
between  the  camera  and  projector.  Therefore, 
the  characteristics  of  both  front  surface  mirrors 
and  semitransparent  mirrors,  as  discussed  for 
rear  screen  projectors  (Chapter  I)  and  slide 
projectors  (Chapter  2).  also  apply  to  the  mirrors 
used  in  the  multiplexing  system. 

7-7.  Two  inherent  problems  are  encountered 
when  projected  images  are  not  operated  along 
coincident  optical  paths.  The  first,  geometric  dis- 
tortion, has  the  greatest  effect  upon  the  video 
output.  Second,  jump  and  weave  of  the  video 
display  are  apparent.  Neither  of  these  problems 
was  of  much  importance  in  the  original  multi- 
plexing systems  where  the  iconoscope  was  used 
for  video  pickup.   However,  with  the  advent  of 
the  vidicon  pickup  tube  which  is  about  nine 
times  smaller  than  the  iconoscope  they  became 
major  problems  that  necessitated  the  develb{3-" 
ment  of  better  multiplexing  systems  to  reduce 
geometric  distortion,  jump,  and  weave  to  a  mini- 
mum. 

7-S.  Function.  The  purpose  and  function  of 
each  component,  such  as  lenses,  mirrors,-  sole- 
noids, and  precision  gear  trains,  will  determine 
the  vcrsatilitv  and  flexibility  of  the  multiplexer. 
The  function  of  the  field  lens  in  the  multiplexer, 
as  illustrated  in  figure  39.  is  to  form  an  interme- 
diate image  between  the  projection  lens,  and  the 
camera  lens.  The  projected  image  will  then  re- 
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Figure  39.    Field  lens  projection  system. 


main  true  in  perspective  through  the  multiplexing 
unit. 

7-9.  Many  means  of  selecting  the  optical  path 
may  be  employed.  The  most  common  method 
uses  front  surface  full  reflecting  mirrors  and  semi- 
transparent  mirrors.  These  mirrors  may  be  either 
stationary  or  movable,  depending  upon  the  ver- 
satility and  flexibility  desired.  Figure  40  shows 
a  multiplexer  containing  a  single,  fixed  semitrans- 
parent  mirror  which  is  capable  of  mixing  two 
projector  inputs  and  reflects  one  output  to  the 
camera  pickup  tube.  You  can  see  from  the  illus- 
tration that  the  mirror  directs  the  image  from  the 
projector  to  the  camera  pickup  tube, 

7-10.  Multiplexers  of  a  more  complex  design 
which  use  movable  mirrors  in  their  operation 
will  also  use  solenoids  to  operate  the  precision 
gear  train.  Solenoids,  being  electrical  switches, 
can  be  operated  remotely;  hence,  the  optical 
path  may  be  changed  from  a  remote  location. 
Precision  gear  trains  are  used  to  operate  smoothly 
the  mirror  assemblies  and  reduce  resultant  vibra- 
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FiffUre  40.    Scmimirror  optical  nti.xing  system. 


tions  which  may  otherwise  destroy  the  align- 
ment of  the  optical  paths. 

7-11.  Operation.  The  simplest  type  of  multi- 
plexer may  employ  a  single  front  surface  mirror 
to  direct  the  projected  image  onto  the  camera 
pickup  tube  mosaic.  The  simple  multiplexer  unit, 
which  uses  a  single,  stationary  semitranspareiu 
mirror  like  the  one  shown  in  figure  40,  may  be 
used  when  more  versatility  is  desired  from  the 
projection  equipment.  While  the  single  front 
surface  mirror  is  limited  to  single  projector  oper- 
ation, the  single  semitransparent  mirror  multi- 
plexer permits  immediate  switching  between  two 
projectors.  The  more  complex  multiplexing  sys- 
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Figure  42.    Turnstilf-nurmr  optical  multiple xinff  system. 

tems  may  use  sliding  mirrors  or  mirrors  that  arc 
mounted  on  turnstile  swivels.  Complex  multi- 
plexers are  commonly  used  because  they  are 
much  more  flexible.  Some  examples  of  multi- 
plexers which  use  sliding  and  turnstile  mirrors 
are  shown  in  figures  41  *and  42.  Note  that  the 
multiplexer  illustrated  in  figure  41  employs  two 
sliding  semitransparcnt  mirrors  to  direct  the  pro- 
jected" image  onto  the  camera  pickup  tube.  When 
mirror  I  is  in  the  center  or  operating  position,  it 
intercepts  the  projected  image  from  film  projector 
I  and  reflects  that  image  upon  the  camera  pickup 
tube.  Selection  of  film  projector  2  can  be  made 
readily  by  simply  moving  mirror  I  out  of  the  op- 
tical path  and  mirror  2  into  the  optical  path.  This 
is  accomplished  when  both  mirrors  are  moved 


in  the  direction  of  the  arrows.  The  slide  projector 
can  be  used  at  any  time  because  both  mirrors  are 
semitransparent, 

7-12.  An  example  of  a  more  complex  optical 
mixing  system  is  illustrated  in  figure  43.  Notice 
that  it  employes  a  stationary  semitransparcnt 
mirror,  as  well  as  a  movable  semitransparcnt  mir- 
ror mounted  on  a  turnstile  swivel.  With  this  con- 
bination  of  mirrors  any  one  of  four  sources  may 
be  selected.  It  is  also  possible  to  mix  inputs  A, 
B,  and  C  or  A,  B,  and  D. 

7-13,  A  multiplexer  which  uses  a  single  semi- 
transparent  mirror  is  illustrated  in  figure  42.  The 
mirror  is  mounted  on  a  turnstile  swivel  which  can 
be  turned  in  increments  of  90*".  Thus,  the  mirror 
is  placed  alternately  in  the  optical  path  of  pro- 
jector I  and  projector  2,  Since  the  mirror  is  again 
semitransparcnt,  as  in  the  other  examples,  the 
slide  projector  may  be  used  when  the  mirror  is  in 
either  position, 

7-14,  The  mirrors  cannot  be  installed  in  their 
proper  operating  positions  initially;  hence,  some 
mechanical  adjustments  must  be  provided.  Al- 
though these  adjustments  are  made  variable  over 
a  small  range,  they  are  sufficient  to  permit  final 
alignment  of  the  optical  paths, 

7-15.  Multiplexer  complexity  is  determined  by 
the  type,  number,  and  mobility  of  the  mirrors. 
Since  projector  design  and  construction  are  var- 
ied, selection  of  the  types  and  their  positioning 
are  determined  entirely  by  the  individual  produc- 
tion requirements.  Consequently,  the  nexibility 
of  the  entire  multiplexing  system  is  determmed 
by  multiplexer  versatility,  varied  selection  of 
projectors,  and  type  of  camera. 

7-16.  Maintenance.  The  multiplexer  mainte- 
nance requirements  are  much  the  same  as  those 
for  other  types  of  television  and  projection  equip- 
ment. Periodic  cleaning,  lubrication,  and  inspec- 
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tion  will  suffice  in  most  instances.  Replacemcni 
or  repair  of  broken  and  damaged  components  is 
also  of  great  importance  ard  must  be  accom- 
plished A'hcther  discovered  during  operation  or 
periodic  maintenance, 

7-17.  Dirty  mirrors  and  lenses  decrease  the 
operating  efficiency  of  the  multiplexer.  Since 
this  is  true,  all  mirrors  and  lenses  must  be  cleaned 
regularly.  Remember,  as  in  projectors,  only  an 
approved  solvent  and  lens  cleaning  material 
should  be  used  to  clean  the  glass  surfaces  of  mul- 
tiplexer components. 

7-18.  Gear  trains  and  other  moving  compon- 
ents must  be  cleaned  and  lubricated  at  periodic 
intervals.  Again,  only  an  approved  lubricant  and 
solvent  or  equivalent  substitutes  should  be  used 
on  these  parts.  Periodic  inspection  of  the  mul- 
tiplexer increases  its  operating  efficiency,  because 
all  discrepancies  discovered  and  corrected  at 
that  time  decrease  the  number  of  failures  during 
operation, 

7-19.  Defective  components  should  be  re- 
paired at  the  time  they  are  discovered.  If  the 
component  is  not  reparable,  it  must  be  replaced 


with  an  eqjivaleni  part,  because  the  multiple.xer 
must  be  exact  in  order  not  to  detract  ^from  the 
overall  operation  of  the  system. 

7-20.  Troubleshooting,  Most  problems  encoun- 
tered in  the  multiplexer  are  mechanical  and  are 
ro!.itively  easy  to  locate  and  correct.  The  most 
common  problems  are  dirty,  scratched,  or  broken 
mirrors  and  lenses,  and  misalignment  of  the  mir- 
rors. 

7-21.  If  you  discovered  for  example,  that  the 
image  being  projected  from  the  slide  projector 
(see  fig.  41)  was  out  of  geometric  proportion, 
while  the  images  projected  from  the  two  film  pro- 
jectors were  correct,  the  problem  would  prob- 
ably be  misalignment  of  the  slide  projector.  In 
other  words,  the  slide  projector  is  not  operating  in 
the  same  optical  plane  as  the  camera.  Since  the 
two  film  projectors  are  operating  properly,  the 
mirror  alignment  must  be  correct. 

7-22.  In  the  multiplexer  represented  by  figure 
41,  we  see  that  the  image  from  film  projector  1 
is  normal,  while  the  image  from  film  projector  2 
is  washed  out.  The  problem  is  likely  to  be  a  dirty 
mirror  reflecting  the  image  from  film  projector  2. 
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Specialized  Test  Equipment 


ACCEPTABLE  television  coverage  for  a  given 
Ix  area  depends  upon  the  operational  and 
transmission  efficiency  of  the  system  servicing  the 
area.  Television,  like  all  other  electronic  sys- 
tems, requires  the  use  of  test  equipment  for  proper 
care  and  maintenance.  In  addition,  to  meet  tele- 
vision color,  video,  and  pulse  standards,  special- 
ized test  equipment  is  required.  In  this  chapter 
we  will  discuss  some  of  the  specially  designed  sig- 
nal generators,  signal  analyzers,  and  test  patterns 
required  by  television.  The  discussion  of  this 
test  equipment  will  include  purposes,  functions, 
and  general  block  diagrams,  rather  than  specific 
models.  The  chapter  also  includes  a  discussion 
of  test  patterns  and  pulses  used  in  making  routine 
performance  checks  and  adjustments  and  the 
interpretation  of  certain  test  pattern  displays  and 
charts  applicable  to  video  testing. 


8.  Monoscope  Amplifier 

8-1.  Since  studio  and  film  cameras  arc  so 
costly  television  stations  find  it  impractical  to  use 
them  for  test  pattern  transmission.  The  mono- 
scope  amplifier,  often  called  the  monoscope  cam- 
era, is  now  used  for  this  purpose  since  it  is  much 
smaller  and  less  costly.  The  monoscope  camera 
permits  the  television  station  to  have  a  single  pat- 
tern of  known  quality  available  for  display  or 
test  purposes  at  all  times.  A  block  diagram  of 
the  monoscope  camera  is  shown  in  figure  44;  our 
discussion  will  be  concerned  primarily  with  the 
pecularities  of  the  camera  and  its  use  in  genera- 
ting a  test  pattern. 

8-2.  Monoscope  Tube.  The  monoscope  tube 
contains  an  aluminum  plate  which  functions  much 
like  the  mosaic  of  an  iconoscope  tube.  This 
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Figure  44-    Monoscope  camera  block  diavrain. 
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Figure  43.    Test  pattern,  nionoscope  amplifier. 


aluminum  plale  has  a  single  pailern  etched  upon 
it  with  carbon  ink.  Since  the  pattern  is  etched  on 
the  aluminum  plate,  the  tube  is  limited  to  a  single 
pattern  presentation.  The  pattern  design  varies 
according  to  the  desires  of  the  individual  tele- 
vision station;  however,  its  basic  purpose  remains 
the  same. 

8-3.  Operation  of  the  monoscope  tube  is  very 
similar  to  that  of  the  iconoscope  tube.  The  clear 
surface  of  the  aluminum  plate  emits  more  sec- 
ondary electrons  than  the  carbonized  area.  Like 
the  iconoscope,  a  collector  electrode  in  the  mono- 
scope  tube  collects  the  secondary  electrons.  Thus, 
by  systematically  scanning  the  target  with  an 
electron  beam,  a  picture  signal  is  produced.  Since 
the  clear  aluminum  surface  emits  more  second- 
ary electrons  than  the  carbonized  area,  the  output 
picture  signal  has  a  negative  white  component. 
The  standard  television  transmitted  signal,  as  you 
already  know,  has  a  negative  black  component. 
This  means  that  some  way  of  inverting  the  pic- 
ture must  be  incorporated  in  the  monoscope  tube 
or  amplifier  section.    Picture  inversion  can  be 
accomplished  in  one  of  two  ways.  First,  picture 
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inversion  can  be  accomplished  by  using  an  odd 
number  of  video  amplifiers  in  the  monoscope 
amplifier  section  to  produce  a  180°  phase  shift 
in  the  output  signal.  Second,  the  pattern  can  be 
printed  as  a  negative  on  the  aluminum  plate  of 
the  monoscope  camera  tube.  In  other  words,  the 
aluminum  plate  is  coated  with  carbon  ink  and  the 
pattern  is  outlined  with  clear  aluminum.  Then  the 
picture  signal  will  contain  a  negative  black  com- 
ponent. Either  method  will  produce  an  output 
picture  signal  which  is  compatible  with  standard 
television  systems. 

8-4.  The  block  diagram  of  the  monoscope  cam- 
era (fig.  44)  illustrates  its  general  circuitry  and 
basic  operation.  The  drive,  synchronizing,  and 
blanking  pulses  are  introduced  from  the  external 
synchronizing  generator.  The  deflection  circuits 
arc  magnetic;  thus,  their  operation  is  like  that 
of  the  image  orthicon.  vidicon.  and  iconoscope 
tube-deflection  circuits.  Note  that  the  mono- 
scope  tube  output  presentation  shows  a  negative 
white  component.  To  get  the  signal  inversion 
shown  in  the  video  amplifier  output,  an  odd 
number  of  video  amplifiers  must  be  used. 
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8-5.  Pattern  Interpretation,  The  test  pattern 
presentation  from  the  monoscope  tube  has  many 
useful  purposes.  The  pattern  illustrated  in  frgurc 
45.  for  example,  may  be  used  to  accomplish  sys- 
tem quality  checks,  such  as  resolution  capabili- 
ties, low-frequency  response,  contrast,  and  de- 
flection linearity.  The  monoscope  camera  also 
provides  a  modulated  signal  for  transmitter  qual- 
ity and  performance  tests.  When  the  output  of  an 
r-f  signal  generator  is  modulated  by  the  output  of 
the  monoscope  camera,  receiver  performance  can 
be  checked  readily  aaainst  a  known  standard. 

8-6.  The  pattern  presentation  illustrated  in 
figure  45  liiis  five  sets  of  wedges,  one  in  each  ol 
the  four  corners  and  one  in  the  center  circle. 
These  wedaes  provide  a  reference  for  adjusting 
the  horizontal  and  vertical  resolution  of  a  tele- 
vision iransmittine  or  receiving  facility.  The  wedge 
lines  are  calibrated  in  lines  of  resolution—the 
number  of  times  a  system  can  change  from  black 
,o  white.  The  center  line  of  oach  wedge  is  dashed 
to  mark  resolution  definition;  the  number  asso- 
ciated with  each  break  in  the  line,  multiplied  by 
10  defines  resolution  for  that  point.  The  reso- 
lution displayed  by  a  given  image  is  deternimed 
by  estimating  the  position  at  which  definite 
separation  between  the  wedge  lines  is  noticeable. 
The  horizontal  resolution  can  be  checked  by  ob- 
servina  the  vertical  wedges.  Since  the  size  of 
the  scanning  beam  is  one  of  the  factors  limiting 
resolution,  the  resolution  definition  is  an  indi- 
cation of  the  quality  of  focus.  The  corner  wedges 
provide  a  fi.xed  reference  for  focusing  in  the  areas 
where  defocusing  is  most  likely  to  prevail. 

8-7  The  monoscope  camera  resolution  is  lim- 
ited by  the  size  of  the  scanning  beam  and  the 
maximum  number  of  lines  available  for  scanning. 
Since  the  monoscope  camera  tube  has  an  opti- 
mum resolution  of  500  lines,  it  cannot  effectively 
reproduce  half-tone  images.   Consequently,  an 
alternate  method  of  producing  half  tones  (gray 
scale)  had  to  be  developed.  The  diagonal  wedges 
in  the  center  circle  of  the  pattern  produce  an 
illusionary  standard  for  measuring  gray-scale  re- 
production. By  etching  a  series  of  lines  at  speci- 
fied intervals,  a  simulated  density  range  is  con- 
structed from  light  gray  to  black;  the  innermost 
portions  of  the  wedges  appear  100  percent  black 
and  the  outer  portions  appear  25  percent  black, 
with  graduated  steps  of  75  percent  and  50  per- 
cent black  separating  the  two  extremes.  When 
bri"htness  and  contrast  controls  are  properly  ad- 
jusled.  each  of  the  steps  in  the  density  range  is 
separate  and  distinct. 

8-8  The  horizontal  lines  beneath  the  center 
circle  of  the  test  pattern  are  used  to  check  the 
.ow-frequency  response  of  the  circuits  under  test. 


An  excessive  phase  shift  of  low  frequencies  re- 
sults in  a  gradual  change  in  shading  from  top  to 
bottom  of  the  picture,  causing  bright  streamers,  or 
streaks,  to  follow  large  dark  objects  in  the  scene 
of  a  received  picture.  Thus,  the  amount  of  streak- 
ing following  the  end  of  the  horizontal  lines  in  the 
change  from  black  to  white  is  an  indication  of 
the  q'ualitv  of  low-frequency  response.  Good  low- 
frequency  response  is  indicated  by  little  or  no 
streaking. 

8-  9.  The  aspect  ratio  of  4:3  is  established 
when  the  deflection  is  adjusted  so  as  to  give  a 
true  undistorted  form  to  the  large  circle,  since 
this  circle  is  three-fourths  of  the  pattern  width. 
The  diational  lines  indicate  an  area  equal  to 
one-half  "the  picture  width.  Deflection  linearity 
may  be  checked  by  measuring  the  spacing  be- 
tween the  diagonal  lines. 

9.  Video  Test  Equipment 

9-  1.  In  this  section  we  will  discuss  some  of  the 
specialized  test  equipment  associated  with  tele- 
vision video  testing.  The  discussion  will  be  de- 

■  veloped  primarily  around  the  grating  generator, 
dot  generator,  and  vii'.co  sweep  marker  genera- 
tor "We  will  describe  their  purpose  and  opera- 
tion, as  well  as  interpret  their  output  patterns. 
The  section  will  also  include  a  discussion  of  the 
pulse  cross  display  with  reference  to  its  useful- 
ness in  determining  the  width  and  amplitude  of 
the  equalizing  pulses  and  both  the  horizontal  and 
vertical  blanking  and  synchronizing  pulses  in  re- 
lation to  a  eeneral  pattern  interpretation.  We 
will  show  some  of  the  standard  charts  used  for 
television  quality  checks  and  briefly  discuss  the 
function  of  each  pattern. 

9-2.  Grating  Generator.  The  grating  generator 
provides  a  convenient  means  for  checkine  and 


\  \  '■:  r..-L ! 


F'm't        GMhrtg  test  pattern. 


45 


ERIC 


36J 


VERTICAL 
PULSES 


FROM  SYNC  ^ 
GENERATOR  V, 


HORfZONTAL  _^ 
PULSES 


ADDER 


BLANKING 
CLIPPER 
AND 
AMPLIFIER 


VERT. FREQ. 
X  15 
MULTI- 
VIBRATOR 


ADDER 


HORIZ.  FREQ. 
X  20 
MULTI- 
VIBRATOR 


BLANKING 
GATE 


viDeo 

OUTPUT 


CLIPPER 


Figure  47.    Ctathtf^  generator  block  diagram. 


adjusting  the  linearity  of  television  deflection  cir- 
cuits. It  generates  a  timing  signal  synchronized 
by  Standard  synchronizing  pulses,  obtained  from 
either  the  synchronizing  generator  or  the  deflec- 
tion circuits  of  the  receiver  under  test,  and  injects 
this  signal  into  the  video  circuit  being  tested.  The 
pattern  produced  has  the  appearance  of  a  grat- 
ing, as  illustrated  in  figure  46. 

9-3.  The  block  diagram,  figure  47,  illustrates 
the  typical  grating  generator  circuitry  necessary 
to  produce  a  satisfactory  grating  pattern.  The 
desired  pattern  is  produced  by  inserting  the  hori- 
zontal and  vertical  synchronizing  pulses  from 
either  a  standard  television  synchronizing  genera- 
tor or  the  deflection  circuits  of  a  television  re- 
ceiver, as  previously  stated.  The  vertical  pulses, 
are  then  multiplied  15  times,  while  the  horizon- 
tal pulses  are  multiplied  20  times.  They  arc  vec- 


toriaiiy  added  in  the  adder  circuit  and  the  out- 
put is  applied  to  a  clipper  The  output  pattern 
of  the  grating  generator  is  determined  bv  the  bias 
point  of  the  clipper  circuit.  When  the  bias  is  ad- 
justed so  that  either  the  horizontal  or  vertical 
signal  extends  above  the  clipping  level,  the  re- 
sulting output  is  a  grating  pattern."  Moreover,  the 
grating  signal  must  be  clipped  at  both  ends  of  the 
amplitude  range  so  that  the  lines  will  not  appear 
blacker  than  black  at  their  intersecting  points. 

9-4.  To  prevent  lines  from  appearint:  during 
retrace,  the  horizontal  and  vertical  retrace  pulses 
arc  combined,  as  shown  in  figure  47.  When 
added,  they  form  a  blanking  pulse,  and  this  pulse 
is  applied  to  the  blanking  ^ate  circuit.  An  output 
signal  is  produced  only  when  the  incoming  siunal 
is  strong  enough  to  override  the  level  of  the  blank- 
ing  pulse. 


46 


ERIC 


370 


Figure  4S.    Dot  test  pattern. 

9-5.  The  grating  pattern  is  comprised  of  14 
huri/oiual  ba'rs  and  17  vertical  bars.  The  bars, 
betne  evenly  spaced,  conform  with  both  the  as- 
pect^atio  of  the  television  system  and  the  linear- 
ity chart,  discussed  later  in  this  section, 

9-6.  The  grating  generator  will  also  produce 
cither  horizontal  or  vertical  bars  separately.  By 
selectmiz  the  output  from  either  the  times-l5  or 
times-20  multivibrator  and  applying  it  to  the  sig- 
nal clipper,  the  generator  output  will  result  in 
horizontal  or  vertical  bars  only. 

9-7.  By  injecting  the  grating  pattern  into  a  re- 
ceiver or'monitor  and  checking  the  display  uni- 
formity, vou  can  determine  descrepancics.  in  the 
deflection  circuits'  linearity.  The  linearity  is  ad- 
justed properly  if  the  vertical  and  horizontal  bars 
are  both  uniformly  spaced  over  the  entire  viewing 
area.  The  grating  pattern  is  also  useful  when  you 
adjust  the  linearity  of  a  camera  chain.  (This  will 


be  discussed  more  fulU  in  the  portion  concerning 
chart  displays.)  Another  valuable  feature  of  the 
grating  pattern  is  apparent  when  you  adjust^  the 
convergence  of  a  color  receiver  or  monitor.  This 
feature^  is  discussed  further  in  the  section  dealing 
with  color  testing. 

9-8.  Dot  Generator.  The  same  generator 
often  used  to  generate  the  dot  pattern  or  ihc 
grating  pattern.  Only  the  clipper  bias  point  \ull 
determine  which  output  is  produced.  If  the  signal 
clipper  bias  is  so  adjusted  for  an  output  only 
when  the  horizontal  and  vertical  pulses  are 
added,  a  dot  pattern  will  result.  The  other  cir- 
cuits in  the  dot  generator  and  their  operation  arc 
identical  to  those  employed  in^the  grating  gener- 
ator. Thus,  figure  47  can  also  represent  a  basic 
block  diagram  of  a  dot  generator. 

9-9,  The  output  pattern  from  the  dot  gen- 
erator is  illustrated  in  figure  48.  This  pattern  is 
primarily  used  when  adjusting  the  convergence 
of  a  color  receiver  or  monitor  and  will  be  dis- 
cussed in  more  detail  in  the  next  section  of  this 


M  1  <  C  9 

•  5S  • 
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chapter.  However,  we  can  now  see  that  a  single 
generator  may  be  used  to  produce  horizontal 
bars,  vertical  bars,  a  grating  pattern,  or  a  dot 
pattern  as  the  need  arises. 

9-10.  Sweep  Marker  Generator.  The  video 
sweep  marker  generator,  shown  ia  figure  49,  is 
a  convenient  device  for  checking  the  frequency 
response  of  a  eiven  amplifier.   In  a  typical  gen- 
erator the  output  of  a  fixed  r-f  oscillator,  operat- 
ing at  approximately  70  MHz,  is  heterodyned 
against  a  sweep  (variable)  frequency  oscillator. 
The  sweep  oscillator  is  being  swept  (varied  over 
its  frequencv  ranue  of  69  to  80  MHz)  at  a 
60-Hz  rate. 'The  0-  to  10-MHz  beat  frequency 
is  then  applied  to  the  circuit  or  unit  being  tested, 
and  the  resulting  output,  after  detection,  is  ob- 
served on  an  oscilloscope.   Marker  notches  are 
inserted  at  l-MHz  intervals  for  frequency  cali- 
bration of  the  beat  frequency;  this  is  accom- 
plished bv  an  additional  oscillator  stage  m  the 
sweep  izencrator.    A  more  accurate  means  of 
calibratmu  can  be  obtained  with  a  sweep  gen- 
crator  unit  that  emplovs  a  calibrated  CW  oscilla- 
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Figure  31.    Oscillosccpe  presentation  of  camera  bandpass. 


tor  as  a  marker  source.  This  type  of  marker 
source  provides  either  variable  or  fixed  markers 
over  a  marker  source  ranse  of  100  KHz  to  10 
MHz. 

9-11.  The  most  useful  function  of  the  sweep 
marker  generator  is  to  test  and  adjust  the  band- 
pass of  camera  preamplifiers.  The  equipment 
layout  used  to  check  a  camera  preamplifier  with 
a  sweep  marker  generator  is  illustrated  in  figure 
50.  Figure  51  shows  the  output  pattern  of  a 
properly  tuned  camera  preamplifer  as  seen  on 
the  oscilloscope.  Notice  the  notches  inserted  in 
the  output  pattern.  These  markers  help  you  ob- 
serve the  range  of  frequency  response  of  the  out- 
put pattern  from  the  camera  preamplifier.  These 
marks  are  important  since  the  frequency-response 
curve  must  be  flat  to  8  MHz  for  adequate  band- 
pass of  the  television  video  information. 

9-12.  Pulse  Cross  Display.  The  pulse  cross 
display  is  one  of  the  most  important  measure- 
ments in  television  and  it  is  used  to  determine 
whether  the  synchronizing  generator  is  producing 
the  proper  pulse  sequence,  width,  and  amplitude. 
The  pulse  cross  display,  along  with  its  correct 
interpretation,  is  a  convenient  means  of  conduct- 
ing operational  measurements  of  the  output  pulses 
produced  in  the  synchronizing  generator.  Other- 
types  of  more  detailed  pulse  analyses  and  ad- 
justments may  be  necessary  at  periodic  intervals: 


however,  these  functions  will  require  the  use  of 
specialized  test  equipment.  Thus  the  pulse  cross 
display  is  more  practical  for  routine  operational 
measurements  because  this  test  simply  requires 
the  use  of  a  modified  video  monitor.  This  moni- 
tor is  usually  available  in  any  television  broad- 
casting station. 

9-13.  In  normal  video  transmission  the  hori- 
zontal and  vertical  synchronizng  pulses  occur  at 
the  end  of  each  scanning  line  and  each  field, 
respectively.  Thus,  the  front  porch  of  the  hori- 
zontal  synchronizing  pulse  occurs  at  the  right 
edge  of  the  picture,  whereas  the  back  porch  oc- 
curs ar  the  left  edge.  On  the  other  hand,  the 
vertical  blanking  interval  occurs  during  vertical 
retrace.  We  see  then  that  the  information  con- 
tained in  the  vertical  blanking  pulse  occurs  at 
the  top  and  bottom  of  the  viewing  screen.  Since 
all  of  the  synchronizing  and  blanking  informa- 
tion occurs  at  the  edges  of  the  picture  area,  its 
information  is  hidden  by  the  picture  tube  mask. 

9-14.  Though  detailed  information  may  be 
difficult  to  distinguish,  the  general  shape  of  the 
vertical  blanking  interval  can  be  observed  on  most 
standard  receivers  and  monitors  by  rotating  the 
vertical-hold  control  until  the  vertical  blanking 
bar  is  located  in  the  viewing  area.  The  hori- 
zontal synchronizing  and  blanking  pulses,  occurr- 
ing at  the  end  of  each  scan  line,  are  much  more 
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difficult  to  observe:  however,  with  the  moditica- 
lions  nurnially  provided,  the  standard  television 
monitor  will  eliminate  any  definition,  vertical 
displacement,  or  horizontal  displacement  prob- 
lems. Thus  the  pulse  cross  display  can  be  ob- 
served instantly  or  monitored  continually  for 
extended  periods  of  time. 

9-15.  The  individual  lines  can  be  seen  more 
readily  if  the  horizontal  and  vertical  scanning 
process  is  expanded,  As  a  result,  the  pulse  cross 
display  information  is  seen  in  more  detail.  Ex- 
pansion of  the  picture  tube  sweep  circuits  will 
permit  the  horizontal  and  vertical  synchronizing 
and  blanking  information  to  be  placed  in  the 
viewing  area  of  the  picture  tube, 

9-16.  Interpretation  of  the  pulse  cross  display 
is  relatively  easy  when  you  understand  that  the 
individual  pulse  amplitudes  are  indicated  by  light 
intensity.  In  the  pulse  cross  display,  shown  in 
figure  52,  the  horizontal  dimensions*  of  che  light 
intensities  are  relative  measures  of  time  or  pulse 


widths.   Use  figure  52  to  identify  the  following 
pulse  group  patterns: 

A— the  horizontal  synchronizing  pulse  duration. 
(0.O75H-O.098H) 

B— the  horizontal  blanking  pulse  duration.  (0.165H- 
0.I8H) 

C  the  vertical  synchronizing  pulse  interval.  (0.42H- 

0.44H) 

D— the  venical  blanking  interval.  ( I3.IH-21.0H) 
E  and  F— the  equalizing  pulse  intervals. 
G— the  six  dark  lines  which  show  vertical  synchroniz- 
ing pulse  duration. 
I— the  equalizing  pulse  duration.  (0.05  honz  sync 

width)  .  .  , 

J— the  horizontal  blanking  and  synchronizing  pulses 
that  continue  to  occur  at  the  end  of  each  horizontal 
video  scan  line  until  the  beginning  of  the  next  vertical 
blanking  interval.  . 
K— the  front  porch  of  the'  horizontal  blanking  pulse. 

(0.02H)  .        t .  I 

L— the  back  porch  of  the  horizontal  blanking  pulse. 

(0.05H) 

M— the  pulses  which  occur  dunng  the  remaining 
vertical  blanking  time. 
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Each  pulse  width  may  be  compared  to  its  normal 
duration.  You  may  desire  to  review  portions 
of  Sync  Generators.  Chapter  3.  Volume  I.  par- 
ticularly figure  40.  Tahle  nj  TV  Pulse  St^mdards. 
After  you  have  had  some  experience  in  usinu 
the  cross  pulse  display,  you  may  devise  a  ruler 
calibrated  in  normal  pulse  widths  to  check  the 
pulse  cross  display.  Of  course  this  ruler  would 
apply  only  to  a  particular  monitor.  You  can  also 
use  the  pulse  cross  display  to  check  the  number 
of  lines  in  the  equalizing  and  vertical  pulses. 

9-17.  The  quality  of  detail  in  the  reproduced 
picture  is  called  resolution,  or  definition,  and 
depends  upon  the  number  of  basic  picture  ele- 
ments that  can  be  reproduced.  A  picture  with 
good  resolution  requires  as  many  picture  elements 
as  possible.  Good  resolution  of  a  picture  is  in- 
dicated by  sharply  defined  objects  and  no  blur- 
ring or  running  together  of  closely  spaced  lines 
or  points.  Horizontal  detail  and  vertical  detail 
must  be  considered  separately  in  a  television 
picture.  The  maximum  vertical  resolution  is  de- 
termined by  the  number  of  active  scanning  lines. 
The  horizontal  resolution  is  determined  by  the 
maximum  number  of  changes  in  voltage  that  can 
occur  in  each  line  that  is  scanned.  This  number 
of  voltage  changes  depends  directly  upon  the 
frequency  response  of  the  system,  the  resulting 
signal  bandwidth,  the  size  of  the  pickup,  and 
the  picture  tube  scanning  spots. 

9-18.  Test  Patterns.  Standard  test  charts  have 
been  developed  which  permit  more  comprehen- 
sive testing  of  system  performance  than  the  test 
pattern  produced  by  the  monoscope  amplifier 
(discussed  in  Section  8  of  this  chapter).  The 
resolution  chart  shown  in  figure  53  can  be  used 
for  making  system  quality  tests  for  geometric 
distortion  (linearity),  aspect  ratio,  resolution, 
shading  uniformity,  frequency  response,  streak- 
ing, interlace,  gray-scale  reproduction  (contrast), 
brightness,  and  r-f  or  other  high-frequency  inter- 
ference. 

9-19.  When  making  a  geometric  distortion 
check,  position  your  camera  and  focus  on  the 
test  chart.  The  resulting  picture  display  will  ex- 
actly cover  the  visible  portion  of  the  receiver  or 
monitor  screen.  A  picture  free  from  distortion 
has  linear  scanning  and  correct  aspect  ratio. 
Check  vertical  linearity  by  comparing  the  spacing 
between  the  short  horizontal  bars  at  the  top. 
bottom,  and  center  of  the  picture.  If  the  spacing 
is  equal  in  each  set  of  horizontal  bars,  vertical 
linearity  is  satisfactory.  You  can  check  hori- 
zontal sweep  linearity  by  comparing  the  spacing 
of  vertical  bars  at  each  side  of  the  picture  and 
in  the  center  square.  If  the  spacing  is  equal  in 
each  set  of  vertical  bars,  horizontal  linearity  is 
satisfactory,  The  circles  located  in  each  corner 


and  at  the  center  of  the  chart  are  a  further  check 
for  geometric  distortion.  Circles  that  are  non- 
linear or  distorted  in  shape  indicate  incorrect 
adjustment  of  the  vertical,  horizontal,  or  both 
horizontal  and  vertical  sweep  linearity.  You  can 
check  aspect  ratio  by  measuring  the  large  portion 
of  the  picture  formed  by  the  four  gray-scale  bars 
to  determine  if  it  is  square.  Aspect  ratio  is  correct 
if  the  pattern  is  square  and  the  scanning  is  linear. 

9-20.  A  resolution  check  is  made  only  after 
the  set  is  adjusted  for  minimum  distortion.  You 
measure  resolution  horizontally  and  vertically  by 
observing  the  wedges  in  the  large  circle  at  the 
center  and  the  small  circles  at  the  edges  of  the 
picture.  The  wedge  lines  are  calibrated  in  lines 
of  resolution  in  the  same  manner  as  those  of  the 
test  pattern  produced  by  the  monoscope  ampli- 
fier discussed  in  paragraph  8-9  of  this  chapter. 
Resolution  of  the  system  under  test  is  numeric- 
ally defined  on  the  chart  at  the  point  where  the 
separation  between  these  lines  is  no  longer  dis* 
cernible.  You  judge  horizontal  resolution  by  ob- 
serving the  vertical  wedf  -s  at  the  top  and  bottom 
of  the  circles,  but  in  the  case  of  vertical  resolu- 
tion, you  observe  the  horizontal  wedges  at  the 
right  and  left  of  the  circles. 

9-21.  To  check  interlace,  you  observe  the  di- 
agonal lines  in  the  center  square  of  the  picture. 
Interlace  is  correct  if  the  lines  appear  similar  to 
those  in  figure  53.  Jagged  diagonal  lines  indicate 
partial  pairing  of  the  lines.  The  diagonal  lines 
will  not  appear  jagged  if  complete  line  pairing 
occurs.  Under  this  condition,  total  line  pairing 
can  be  determined  by  the  resolution  wedges, 
since  vertical  resolution  cannot  exceed  250  lines. 

9-22.  The  quality  of  gray-scale  reproduction 
is  judged  by  the  number  of  distinguishable  steps 
in  each  of  the  four  gray  scales  which  form  the 
large  square  in  the  center  of  the  picture.  The 
quality  of  reproduction  is  related  direcdy  to  the 
number  of  steps  that  are  distinguishable.  You 
check  shading  uniformity  by  observing  the  back- 
ground of  the  test  pattern  presentation.  An  even 
gray  background  indicates  satisfactory  shading 
uniformity. 

9-23.  The  dominant  white  quality  of  the  chart 
makes  it  necessary  at  times  to  adjust  the  con- 
trast and  brightness  controls  to  obtain  a  picture 
pleasing;  to  the  eye.  The  picture  should  be  pleas- 
ing to  the  eye  for  the  average  televised  program 
if  you  adjust  the  receiver  for  optimum  perform- 
ance v/ith  the  chart. 

9  24.  R-f  or  other  high-frequency  interference 
is  sometimes  introduced  into  the  video  amplifier 
scanning  circuits.  R-f  interference  in  the  hori- 
zontal sweep  circuits  from  the  power  supply  is 
indicated  when  the  vertical  lines  in  the  test  pat- 
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torn  become  modulated  and  take  on  a  ripple  ap- 
pearance. R-f  or  other  high-frequency  interfer- 
ence in  the  video  amplifier  is  indicated  by  a 
moire  pattern  over  the  whole  picture. 

9-25.  The  standard  linearity  chart  illustrated 
in  figure  54  is  used  when  you  make  camera 
linearity  adjustments.  This  chart  has  an  aspect 
ratio  equal  to  that  of  the  grating  pattern  (shown 
in  fig.  46).  Furthermore,  the  circles  occur  at 
the  same  positions  in  the  linearity  chart  that  the 
lines  intersect  in  the  grating  pattern  The  two 
lest  patterns  are  superimposed  on  a  monitor 
screen  when  you  focus  the  video  camera  on  the 
linearity  chart  and  simultaneously  transmit  it  and 
the  pattern  from  a  grating  generator.  A  camera 
with  linear  scanning  produces  a  picture  uniformly 
distributed  on  the  screen.  Therefore  you  can 
adjust  the  linearity  of  the  camera  by  adjusting 
the  camera  linearity  controls  so  that  the  circles 
of  the  linearity  chart  coincide  with  the  intersec- 
tions on  the  grating  pattern  (within  the  accepta- 
ble 2  percent  tolerance). 

10.  Color  Testing 

1 0-1.  Since  color  television  requires  n:ore  crit- 
ical standards  of  operation,  some  types  of 
specialized  test  equipment  are  necessary  to  main- 
tain these  standards.  In  this  section  we  will 
discuss  the  purpose  and  usefulness  of  some  of  the 
test  equipment  used  to  maintain  these  critical 
standards.  The  function  of  such  test  equipment  as 
the  linearity  checker,  color-bar  generator,  color 
signal  analyzer,  vectorscope,  and  grating  genera- 
tor will  be  discussed.  We  will  also  interpret  the 
output  patterns  produced  by  this  equipment  and 
discuss  their  oscilloscope  presentations. 

10-2.  Linearity  Checker.  The  gain  and  phase 
linearity  in  a~color  video  signal  must  be  main- 
tained at  an  established  level.  A  composite  color 
Signal  consists  of  a  luminance  component  on 


which  is  imposed  the  3.58-MHz  color  subcarrier. 
The  subcarrier  is  modulated  in  such  a  manner 
that  the  amplitude  determines  the  degree  of  satu- 
ration of  the  reproduced  colors  and  the  phase 
relationships  produce  the  hue.  The  typical  line- 
arity checker  provides  a  means  of  measuring 
the  differential  gain  (system  gain  variation  at 
different  light  levels)  and  differential  phase  dis- 
tortion (phase  shift  at  different  light  levels)  of 
video  amplifiers  and  transmission  systems.  In 
general,  linearity  checkers  are  signal  generators 
providing  a  simulated  color  video  signal. 

10-3.  Color-Bar  Generator.  The  color-bar  gen- 
erator is  produced  in  two  basic  models.  The  first 
is  a  compact,  lightweight  instrument  primarily 
designed  for  portability.  The  second  is  designed 
for  standard  19-inch  rack  mounting  and  is  used 
primarily  in  television  broadcast  station  opera- 
tions. In  both  units  the  operation  is  much  the 
same  and  the  desired  outputs  serve  the  same 
basic  purpose. 

10-4.  The  color-bar  generator  serves  many 
useful  purposes,  such  as  checking  the  operation 
of  color  television  receivers  and  monitors,  adjust- 
ing color  phase,  checking  and  adjusting  color 
matrix  systems,  supplying  "a  color  reference  signal 
to  the  signal  analyzer,  and  supplying  a  color 
reference  signal  :o  the  colorplexer. 

10-5.  The  color-bar  generator  supplies  rec- 
tangular pulses  which  are  applied  to  the  red,  blue, 
and  green  input  circuits  of  the  colorple.xer  to 
form  a  color-bar  test  pattern  at  the  colorplexer 
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output.  Provisions  are  also  incorporated  to  pro- 
duce a  split-field  pattern  with  the  standard  color 
bars-  making  up  the  top  portion  and  the  special 
O.  L  and  a  white  bar  making  up  the  bottom 
portion.  Figure  55  illustrates  the  red.  blue,  and 
green  pulse  shapes  and  duration.  These  pulses 
are  produced  in  the  color-bar  generator.  Figure 
56  illustrates  how  the  special  Q,  L  and  white 
bars  are  placed  in  relation  to  the  output  color 
bars. 


10-6.  Figure  57  shows  a  basic  color-bar  ven- 
erator Note  thot  the  input  pulses  are  reecivcd 
Trom  the  synchronizing  generator.  In  the  case  ci 
a  portable  color-bar  generator,  these  pulses  are 
received  from  tiie  deflcelion  eireuit.s  of  the  re- 
ceiver or  monitor  under  test.  The  blanking  pulse 
is  used  to'  form  the  wa^esshapc.  amplitude,  and 
duration  of  the  pulses  illustrated  in  figure  55. 
The  ke\ing  multivibrator  is  free-running  at  60 
Hz.    The  input  vertical  drive  pulse   from  the 
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Fiuun-         CttUnpU'xcr  output  si^ifiuh  (top  half,  bottom  half). 


synchronizing  generator  keys  thib  miiltivibraior. 
producing  a  split  screen  jniiicrn.  Tiie  vector  addi- 
tion of  the  red,  blue,  and  green  pulses  generated 
in  the  color-bar  generator  will  produce  the  color 
bars,  as  shown  at  the  top  of  figure  36.  The 
special  Q  and  I  signals  are  derived  from  the 
blanking  pulse  and  are  pri>tiuced  as  separate  out- 
puts. The  white  bar  is  produced  when  the  I 
multivibrator  output  keys  the  white  nuiltivibra^ 
tor.  The  output  of  the  white  multivibrator  is 
applied  to  the  three  primary  color  i>iitputs  in 
equal  amounts.  As  seen  in  figure  56  the  pulse 
w.dth  of  the  special  0.  1.  and  white  bars  are  ad- 
justed for  one.  one.  and  twi)  bar  widths,  re- 
spceti\c{>.  When  the  output  siirnals  are  coupled 
through  regulating  diodes,  tiie  output  luminance 


is  stabilized.  When  these  signals  are  applied  to 
the  appropriate  section  of  the  colorplexer.  the 
output  composite  signal,  with  top  and  bottom 
halves  superimposed  (bars  at  75  percent  level), 
looks  like  figure  58.  The  individual  output  sig- 
nals for  the  upper  and  lower  portions  of  the 
picture  area  appear  much  like  those  in  figure 
59. 

10-7.  Color  Signal  .Analyzer.  A  color  signal 
analyzer  is  u  test  instrument  used  to  study  the 
components  of  a  composite  color  video  and  sub- 
carrier  signal.  (A  block  diagram  of  a  basic  color 
sig.ial  analyzer  is  illustrated  in  fig.  60.)  When 
u.sed  in  conjunction  with  a  color-bar  generator 
and  oscillo,scope.  it  permits  measurements  of  the 
phase  relationships  between  the  subcarrier  burst 
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reference  and  the  various  components  of  a  com- 
posite .color  signal.  It  may  be  used  also  with  ^ 
linearity  checker  to  make  differential  phase  meas- 
urements. 

10-8.  Notice  in  figure  60  that  the  360°  phase 
shifter  consists  of  several  fixed  and  variable 
phase-shifting  circuits;  thus,  the  input  signal  can 
be  shifted  a  full  360°,  in  increments  of  1°.  This 
is  possible  because  the  individual  phase  shifters 
total  360°  and  one  10°  shifter  is  adjustable  in 
increments  of  1°.  The  capability  of  being  able 
to  shift  the  incoming  signal  360^  is  necessary 
because  phasing  of  the  individual  color  com- 
ponent signals  is  critical  if  an  acceptable  com- 
posite color  signal  is  to  be  achieved. 

10-9.  When  the  colorplexer  is  operated  in  the 
color-bar  mode,  some  representative  oscilloscope 
patterns  as  they  appear  at  the  input  of  the  color 
signal  analyzer  are  modulated  I  (fig.  61)  and 
modulated  Q  (fig.  62).  respectively.  When  the 
output  signals  are  demodulated,  they  can  be 
phased  properly  with  minimum  problems.  In 
addition,  the  phase  relationship  between  any  of 
the  input  signals  and  the  subcarrier  or  between 
the  individual  input  I.  Q.  red.  blue,  and  green 
signals  can  also  be  checked.  Using  the  color  sub- 


carrier  as  a  reference,  you  see  that  the  signals 
can  be  phase  shifted  in  the  360°  phase-shifting 
network.  The  I  signal  must  be  90°  out  of  phase 
with  the  color  subcarrier.  To  do  this,  insert  the 
modulated  I  color  signal  component  (fig.  61) 
into  the  color  signal  analyzer.  In  the  color  signal 
analyzer  the  I  signal  is  demodulated  to  simplify 
the  phase  adjustments.  Next,  select  a  90°  phase 
shift  and  adjus*  the  I  phase  control  on  the  color- 
plexer until  all  the  pulses  rest  on  the  reference 
line.  After  removing  the  inserted  phase  shift, 
phase  the  color  signal  component  properly  in 
relation  to  the  color  subcarrier.  Employ  the  same 
adjustment  procedure  when  dealing  with  the  Q 
signal  component.  However,  since  it  is  only  33° 
out  of  phase  with  the  color  subcarrier,  it  requires 
only  a  33°  phase  shift  when  making  the  necessary 
tests  and  adjustments. 

10-10.  The  phase  relationships  between  in- 
dividual input  pulses  can  be  checked  if  you  first 
place  one  signal  on  the  reference  line  (color  sub- 
carrier)  and  then  place  the  second  input  signal 
on  the  reference  line.  You  can  determine  the 
amount  of  phase  shift  between  the  two  input 
signals  by  finding  the  difference  between  the 
two  phase  insertions  which  were  necessary  to 
place  the  two  signals  on  the  reference  line.  In 
other  words,  if  the  first  pulse  signal  was  90° 
out  of  phase  with  the  reference  line  and  the 


Figure  62.    Colorplexer  output,  modulated  Q. 
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Fipure  63.    Block  diagram  of  a  typical  vector  display  oscilloscope. 
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Figure  64.    Typical  vectitr  di^phix  oscillt^scifpc  pattern. 

second  pulse  signal  33°  out  of  physc.  the  differ- 
ence would  be  57°.  The  first  pulse  siiinai  would 
ihen  be  57°  out  of  phase  with  the  second  pulse 
siunai.  You  can  now  see  that  the  color  signal 
analyzer  has  many  useful  purposes  for  insuring; 
the  proper  operation  of  the  color-bar  generator 
;\nd  colorplexcr. 

10-11.  Vectorscope.  One  of  the  newer  test 
equipment  items  developed  for  ck)se  inspection 
of  amplitudes  and  phases  of  subcarricr  signals 
IS  the  vector  display  oscilloscope,  commonly  called 
the  vectorscope.  A  block  diagram  of  a  typical 
vector  display  oscilloscope  is  shown  in  figure  (v^. 
(iencrally.  this  equipment  uses  a  pair  of  quad- 
rature demodulators.  The  demodulator  (outputs 
r'j  applied  to  the  X  and  Y  plates  of  a  d-c  oscillo- 
.,ope.  Most  designs  incorporate  a  burst-con- 
trolled  oscillator  to  generate  a  reference  sub- 
carrier  from  the  synchronizing  burst  oi*  the  signal 
under  test. 


10-12.  When  u.scJ  uith  color-bar  signals,  the 
veciorsope  produces  a  pattern  of  #  lines  and 
dots  which  indicate  tl;c  vectors  correspondnig  t(» 
ti)c  various  colors.  The  pattern  appears  as  bright 
dots  linked  by  relatively  faint  lines.  A$  illus- 
trated in  figure  64,  boxes  may  be  drawn  on  the 
oscilloscope  face  to  indicate  phase  and  amplitude 
tolerances. 

10-13.  By  comparing  our  discussion  of  the 
vectorscope  and  the  color  signal  analyzer,  wc 
find  that  the  two  pieces  of  equipment  pcr(or!n 
many  of  the  same  functions.  Furthermore,  wc 
know  that  both  have  their  adxantages  and  dis- 
advantages. Future  planning  seems  to  indicate 
more  varied  uses  for  the  vectorscope,  including 
facilities  for  monitoring  the  camera  nut  signals 
at  the  camera. 

10-14.  Grating  Generator.  The  purpose  and 
outstanding  features  of  the  grating  generator,  as 
it  applies  to  black  and  white  television,  were 
developed  earlier  in  this  chapter.  Now  we  will 
examine  its  operation  and  functions  as  they  per- 
tain to  color  television  testing. 

10-15.  The  cross-hatch  pattern  generated  b\ 
the  grating  generator  is  extremely  useful  when 
making  adjustments  in  the  convergence  of  a  color 
receiver  or  monitor.  When  viewing  the  picture 
area  of  the  receiver,  with  the  grating  pattern 
applied,  look  for  proper  alignment  of  the  vertical 
and  horizo.ita!  bars.  The  convergence  is  prop- 
erly adjusted  if  the  bars  are  placed  over  one 
another  and  no  color  fringing  is  apparent. 

10-16,  Dot  Generator.  The  dot  pattern  pro- 
duced by  the  dot  generator  is  also  ver\  useful 
for  testing  and  adjusting  color  receiver  and  moni- 
tor convergence.  As  with  the  grating  generator, 
place  the  dots  one  upon  the  other;  if  no  color 
fringing  is  apparent,  the  convergence  is  properly 
adjusted.  Though  either  the  grating  or  dot  pat- 
tern mav  be  used  for  convergence  adjustments, 
the  dot  pattern  is  usually  preferred  since  it  shous 
which  direction  the  correction  must  be  applied. 
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CHAPTER  4 


VHF  Equipment 


THIS  CHAPTER  concerns  transmitters,  an- 
tennas, and  receivers.  However,  since  very- 
high-frequency  (VHF)  equipment  is  the  lowest 
in  frequency  used  by  TV,  the  VHF  equipment 
is  discussed  prior  to  ultra-high-frequency  (UHF) 
equipment.  In  this  chapter  you  will  study  the 
VHF  equipment  necessary  to  create,  am'plify. 
modulate,  and  radiate  a  carrier  frequency.  Also 


discussed  is  the  equipment  necessary  to  pick  up, 
amplify,  and  reproduce  both  visual  and  aural 
signals. 

11.  VHF  Transmitters 

II-I.  VHF  transmitter  principles  employ 
many  of  the  basic  transmitter  circuits.  Normally 
these  circuits  will  consist  of  an  oscillator,  fre- 
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quency  multiplier,  modulator,  and  r-f  amplifier. 
The  first  part  of  our  discussion  will  be  devoted 
to  basic  transmitters. 

11-2.  Transmitter  Principles*  Vou  wil!  recall 
that  the  basic  transmitter  consists  of  an  oscillator 
connected  directly  to  an  antenna.  Because  of 
certain  limitations,  this  circuit  is  unsatisfactory 
as  a  means  of  transmitting  communications.  There 
are  two  main  drawbacks  in  connecting  the  oscilla- 
tor directly  to  the  antenna.  First,  the  power 
output  is  limited  because  there  are  no  stages  of 
r-f  amplification  between  the  oscillator  and  the 
antenna.  The  second  limitation  of  a  variable 
frequency  oscillator  transmitter  is  its  lack  of  fre- 
quency stability.  The  frequency  of  an  electron- 
tube  oscillator  is,  of  course,  controlled  by  the 
inductance  and  capacitance  of  its  frequency-de- 
termining circuits.  Coupling  a  loading  device, 
such  as  an  antenna,  to  the  output  of  the  oscillator 
has  a  great  effect  on  its  frequency  stability.  The 
load  impedance  of  the  oscillator  is  the  reflected 
impedance  of  the  antenna.  This  reflected  im- 
pedance contains  both  resistive  and  reactive  com- 
ponents. The  resistive  component  lowers  the  Q 
of  the  tank  circuit  and  the  reactive  compc^-^nt 
alters  the  resonant  frequency. 

11-3.  Another  problem,  frequency  stability, 
arises  in  the  use  of  VHF  and  UHF  transmitters. 
Although  the  frequency  of  an  oscillator  can  be 
stabilized  by  use  of  a  crystal,  transmitters  must 
operate  at  much  higher  frequencies  than  a  crystal 
can  be  cut  to  operate.  The  crystal  oscillator, 
therefore,  must  be  followed  by  frequency  multi- 
pliers to  provide  the  desired  output  frequency. 

11-4.  The  oscillator  determines  the  frequency 
stability  of  a  transmitter.  An  unstable  oscillator 
will  cause  an  unstable  signal  to  be  radiated  by 
the  antenna.  A  master  oscillator  power  amplifier 
(MOPA)  circuit  can  be  used  to  overcome  the 
instability  of  the  antenna-coupled  oscilllator.  (An 
example  of  a  MOPA  circuit  is  shown  in  fig, 
65.)  The  output  of  the  series-fed  Hartley  oscilla- 
tor is  coupled  through  C4  to  the  power  amplifier 
(PA)  stage.  The  oscillator  stage  is  isolated  from 
the  antenna  by  the  PA  and  will  not  be  affected 
by  changes  in  antenna-to-cround  capacitance* 
Changes  in  the  plate  impedance  of  the  PA  will 
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Fis»ure  66,    Couplnif*  response  curves. 


not  be  reflected  into  its  grid  circuit  and  back 
to  the  oscillator.  The  signal  applied  to  the  grid 
of  the  PA  from  the  oscillator  will  cause*  the  plate 
tank  of  the  PA  to  oscillate  at  the  frequency  of 
the  oscillator.  The  MOPA  circuit  normally  is  not 
used  with  crystal  oscillators,  but  generally  is  used 
in  conjunction  with  one  of  the  common  variable 
frequency  types  such  as  Colpitts  or  Hartley  oscil- 
lators. Selection  of  the  type  of  oscillator  will 
depend  on  the  purpose  for  which  the  transmitter 
is  intended.  If  the  frequency  must  be  variable 
yet  stable,  an  electron-coupled  oscillator  may  be 
selected. 

11-5.  Stages  are  coupled  by  one  of  three 
methods — capacitive*  inductive,  and  link.  In  fig- 
ure 65,  C4  is  a  coupling  capacitor  and  provides 
a  low-impedance  path  for  the  r-f  energy  from  the 
oscillator  tank  to  the  grid  of  the  power  amplifier. 
It  also  acts  as  a  blocking  capacitor  by  prevent- 
ing the  high  d-c  potential  on  the  oscillator  plate 
from  reaching  the  grid  of  the  amplifier  tube. 
Capaciiive  coupling  is  simple  and  is  used  fre- 
quently in  low  power  amplifier  stages.  However, 
it  has  some  disadvantages  that  limit  its  use  in 
the  higher  frequency  ranges. 

11-6.  Inductive  coupling  is  used  extensively 
in  transmitters.  This  type  of  coupling  is  possible 
because  magnetic  lines  of  force  set  up  by  the 
current  in  one  coil  will  induce  a  voltage  into 
another  coil.  The  extent  to  which  the  lines  of 
force  of  the  energized  coil  (primary)  cut  the 
other  coil  (secondary)  is  measured  in  henrys. 
This  is  called  mutual  inductance  (M),  In  figure 
66.  notice  the  various  response  curves  resulting 
from  the  different  degrees  of  coupling.  In  the 
curves  shown,  the  input  voltage  applied  to  the 
primary  is  held  constant  in  amplitude  while  its 
frequency  is  varied.  If  each  circuit  is  independ- 
ently tuned  and  the  coupling  kept  loose,  the 
overall  frequency  response  assumes  the  form 
shown  by  curve  A.  The  double-humped  curve 
shown  by  curve  C  results  from  a  coefficient  of 
coupling  that  is  greater  than  critical  coupling. 
As  shown  in  curve  D,  it  is  possible  to  work  out 
a  compromise  between  very  loose  and  very  close 
coupling  and  arrive  at  a  uniform  response  to  a 
small  band  of  frequencies. 

11-7.  Link  coupling  is  actually  a  special  form 
of  inductive  coupling  and  is  commonly  used  in 
transmitters.  The  link  consists  of  a  low-imped- 
ance line  terminating  in  a  coil  at  each  end.  This 
coupling  is  made  at  a  point  of  low  potential, 
called  the  nodal  point.  The  nodal  point  occurs 
at  the  ground  end  of  the  tank  in  single-ended 
stages  and  at  the  center  of  the  coil  in  balanced 
circuits  such  as  the  push-pull  amplifier.  By  op- 
erating at  a  point  of  low  voltage,  link  coupling 
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Figure  67,    Basic  eUmenls-^broadcasi  and  closed<ircuil  television  transmission. 
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can  eliminate  harmonics  which  miu!u  oiiijrv.;^. 
be  transferred  by  capaciiivc  coupling. 

11-8.  Trnnsmhtcr  SignaJs.  The  trans.nission 
chain  of  a  television  system,  as  shown  In  figure 
67,  includes  equipment  tor  iransmitiuii:  the  tele- 
vision signal  through  space  or  coaxial  cable.  Coni- 
mcrical  broadcast  TV  information^  is.  oi  course, 
transmitted  by  radiated  signal  through  space  to 
the  reproducing  devices — the  TV  receivers  Other 
TV  applications,  explained  earlier,  utilize  coaxial 
line  to  transmit  TV  information  between  the 
camera  chain  and  the  reproducing  device^. 
The  type  of  auxiliary  equipment  used  for  video 
distribution  between  the  camera  chain  and  either 
the  transmitter  (broadcast)  or  video  display  units 
(closed-circuit  applications)  depends  on  the  loca- 
tion and  the  distance  to  be  covered.  The  video 
and  sound  in  the  broadcast  system  must  be  trans- 
mitted by  electromagnetic  radiation  to  the  TV 
receivers.  In  closed  circuit  systems,  however, 
raw  video  may  be  used  for  direct  production  of 
the  televised  scene  on  the  screens  of  specific  TV 
monitors. 

11-9.  The  audio  chain  (fig.  67)  is  parallel  to 
but  separated  from  the  video  chain.  In  ciosed- 
circuit  application  the  audio  system  will  fre- 
quently be  composed  of  stock  audio  components 
such  as  the  microphones,  amplifiers,  and  speak- 
ers found  in  an  ordinary  public  address  system. 
For  a  television  broadcast  studio,  however  most 
audio  components  will  be  chosen  because  of  their 
adaptability  to  FM  operation, 

11-10.  The  visual  transmitter  takes  the  video 
signal  from  the  camera  chain  and  passes  it 
through  the  amplification  and  modulation  process 
to  produce  an  amplitude-modulated  r-f  output. 


Also  uKiucied  r.rc  the  equipn^eni  components 
ne':e«s:»ry  ;o  form  the  proper  bandpasi*  char.ie- 
ieri>,!ics  to  meet  FCC  standard^:.  The  uurul  mpis- 
mit:vr  take-^  the  original  audio  signals  and  t>c- 
qucncy.nio»tu!..ies  and  amplif:;js  the  r-f  signal  to 
ohtair.  the  final  moduiated  output.  We  can  f.ec 
from  this  description  and  figure  67  thai  there  arc 
two  separate  transmitters. 

11-11.  The  television  iransmiiier  operating 
band  refers  to  the  frequencies  at  which  the  trans- 
mitter may  be  operated.  A  low-band  VHF  trans- 
mitter may  be  tuned  and  operated  in  channels  2 
to  6,  or  at  frequencies  of  54  to  88  MHz.  A  high- 
band  VHF  iransmiiier  may  be  used  to  operate 
in  channels  7  to  13,  or  at  frequencies  of  174  to 
216  MHz.  Some  types  of  VHF  transmitters  arc 
designed  to  operate  in  any  one  of  the  channels 
2  through  13.  A  UHF  transmitter  (discussed  in 
the  next  chapter)  operates  in  channels  14  tii  83. 
or  at  frequencies  of  470  to  890  MHz. 

11-12.  Visual  transmitter.  The  functional 
stages  of  a  visual  transmitter  are  indicated  in  lig- 
ure  68.  The  composite  video  signal  from  the 
camera  chain  reaches  the  transmitter  through 
the  various  ways  already  mentioned.  The  v'deo 
modulator  and  d-e  restorer  function  to  modulate 
the  r-f  signal  in  accordance  with  the  iiicommg 
video  information  and  to  maintain  the  blanking 
and  sync  peak  levels  ai  fi.xed  values.  The  r-f 
stages  of  the  transmitter  usually  contain  a  crystal- 
controlled  oscillator,  followed  by  frequency-mul- 
tiplier stages  to  attain  the  desired  operating  fre- 
quency.  The  r-f  signal  strength  is  then  increased 
by  amplifier  stages  to  a  level  desired  for  modula- 
tion. Modulation  of  the  r-f  carrier  takes  place  at 
a  driver  or  power  amplifier  stage.  Linear  power 
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amplifier  stages,  including  the  output  power  stage 
of  the  transmitter,  are  used  following  the  modu- 
lated stage. 

11-13.  The  visual  signal  must  be  maintained 
within  certain  tolerances.  The  visual  carrier  fre- 
quency of  a  station  must  be  held  stable  within  a 
tolerance  of  ±:1000  Hz.  The  aural  carrier 
must  bf^  maintained  at  4.5  MHz  ±:1000  Hz 
above  the  visual  carrier  frequency.  Television 
channels  of  6  MHz  are  necessary  to  transmit 
both  the  audio  and  picture  information.  You 
can  appreciate  the  space  occupied  by  a  TV  chan- 
nel by  comparing  the  AM  broadcast  band  with  a 
single  TV  channel.  The  106  10-KHz  channels  in 
the  AM  band  extend  from  540  to  1600  KHz.  Al! 
106  radio  stations  occupy  much  less  frequency 
space  than  a  single  TV  station. 

11-14.  Higher  bands  of  frequencies  are  allo- 
cated to  TV  stations  than  those  used  for  standard 
radio  broadcasting  so  that  there  may  be  a  reason- 
able number  of  channels  available.  The  overall 
allocations  for  TV  channels  are  split  into  two 
bands  in  the  VHF  range  (as  already  indicated) 
and  one  more  band  in  the  UHF  range.  In  all 
bands  of  VHF  and  UHF.  every  channel  is  6 
MHz  wide.  The  VHF  channels  by  number  and 
frequency  are  allocated  as  follows  (the  UHF 
band  will  be  listed  in  the  next  chapter): 


Channel  Suniber 

2 
3 


Frequency  Range  in  MHz 

54-60 
60-66 


Channel  Number 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 


Frequency  Range  in  MHz 

66-72 

76-82 

82-88 
174-180 
180-186 
186-192 
192-198 
198-204 
204-210 
210-216 


11-15.  The  frequency  gaps  between  the  TV 
bands  are  used  for  other  purposes.  One  TV 
broadcasting  channel  can  be  used  concurrently 
by  many  TV  broadcasting  stations,  provided  the 
stations  are  separated  by  at  least  150  to  225 
miles.  This  separation  is  necessary  in  order  to 
minimize  the  interference  between  these  stations. 
They  are  known  as  co-channel  stations.  Stations 
that  use  channels  adjacent  to  one  another  in  fre- 
quency are  termed  "adjacent-channel  stations.'* 
To  minimize  interference  between  them,  adja- 
cent-channel stations  are  not  assigned  to  the  same 
city  but  are  separated  by  at  least  50  to  75  miles 
or  more.  However,  channels  consecutive  in  num- 
ber but  not  adjacent  in  frequencies,  such  as  chan- 
nels 4  and  5  or  channels  6  and  7,  can  be  assigned 
in  one  local  area.  The  standard  TV  channel 
(shown  in  fig.  69)  consists  of  both  the  picture 
and  sound  carriers  plus  their  corresponding  side- 
bands. Notice  that  the  picture  carrier  and  its  sig- 
nal sidebands  occupy  approximately  5.75  MHz 
of  the  6-MHz  bandwidth.   The  sound  carrier, 
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however,  which  is  frequency-modulated,  with  a 
maximum. deviation  of  ±25  KHz,  occupies  ihc  re- 
mainder of  the  bandwidth.  {Fig.  69  is  scaled  to 
show  a  channel  width  of  6  MHz.)  To  calculate 
the  distribution  of  signals  for  any  specific  chan- 
nel, consider  the  —1.25  point  as  representing 
the  lower  frequency  extreme  in  MHz  and  the 
4.75  point  the  upper  frequency  extreme  in  MHz. 
To  find  the  picture  carrier  frequency  of  channel 
5,  add  the  low  sideband  of  the  picture  carrier 
-1.25  MHz  to  76  MHz.  This  will  result  in  a 
picture  carrier  frequency  for  channel  5  of  77.25 
MHz.  To  find  the  sound  carrier  frequency,  add 
the  upper  video  sideband  of  the  picture  carrier 
4.50  MHz  to  77.25  MHz.  The  sound  carrier  fre- 
quency for  channel  5  will  be  81.75  MHz. 

11-16.  You  can  see  in  figure  69  that  the 
high-frequency  sideband  of  .  the  picture  carrier  is 
4.5  MHz  wide,  while  the  low-frequency  sideband 
is  only  1,25  MHz  wide.  This  unsymmetrical  dis- 
tribution permits  transmission  of  a  picture  with 
better  definition  while  using  only  a  6-MHz  chan- 
nel. This  method  is  called  vestigial  sideband 
transmission.  Using  this  method  will  provide  a 
great  savings  in  the  TV  frequency  allocations  in 
the  frequency  spectrum.  The  picture  carrier  fre- 


quency is  located  m  the  0-MH/  pomt  in  the  dum-. 
ncl.  The  nigh-frequency  sideband  cf  the  picture 
carrier  is  flat  to  the  4.0-MHz  pomt  und  then 
drops  off  to  almost  zero  at  4.5  MHz.  The  low- 
frequency  sideband  (--1.25  to  f)  MH/)  of  liic 
picture  carrier  is  flat  for  0.75  MHz  and  then 
drops  off  to  almost  zero  in  the  remaininti  0.5 
MHz.  These  0,5-MHz  dropoff  areas  are  the 
video  guard  bands  whose  purpose  is  to  prevent 
interaction  between  the  video  and  audio  siiznals. 

ll-n.  Vestiiiial  sideband  filter.  There  are 
various  methods  of  attenuiaiing  the  unwanted 
portion  of  the  lower  sideband.  The .  iransmiiier 
using  low-levei  modulation  may  provide  some 
attenuation  of  the  lower  sideband  by  tuning  the 
broadband  linear  r-f  stages  toward  the  desired 
upper  sideband.  An  advantage  of  this  mode  of 
operation  for  sideband  suppression  is  the  ability 
•of  being  able  to  adjust  the  transmitter  for  any 
channel  within  its  tunable  range  without  using 
the  sideband  filler.  In  most  cases  a  sideband 
filter  is  incorporated  in  the  system  to  furnish  ab- 
solute sideband  attenuation. 

11-18.  Absolute  sideband  suppression  is  ac- 
complished by  placing  a  sideband  filter  between 
the  output  of  the  final  stage  and  the  antenna  load 
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Figure  7 1 .    Block  diagram^ural  transmitter  functional  stages. 


svstcm.  All  final-stage  modulated  systems  must 
use  a  filter,  since  stagger-tuning  is  not  possible 
as  used  in  the  case  of  prefinal-stage  modulated 
systems.  The  entire  sideband  suppression  in 
final-stage  systems  is  accomplished  by  filtering, 
with  the  power  being  dissipated  in  the  form  of 
heat.  A  disadvantage  of  this  system  is  thai  a 
separate  filter  must  be  designed  and  used  for 
each  operating  channel. 

11-19.  In  order  that  the  power-handhng  ca- 
pability may  be  made  less  severe,  the  filter  unit 
may  be  placed  between  the  modulated  stage  and 
a  class  B  linear  amplifier  stage.  The  physical 
size  of  the  sideband  filter  is  determined  by  its 
frequency  of  operation  and  power-handling  capa- 
bility Sideband  filters  used  for  UHF  trans- 
mission are  made  considerably  smaller  than  those 
for  VHF. 

11-20.  A  theoretical  schematic  of  a  vestigial 
sideband  filter  system  is  shown  in  figure  70.  The 
sideband  filter  is  made  up  of  suitable  lengths  of 
coaxial  line  which  are  used  to  simulate  the  indUic- 
tive  and  capacitive  elements  as  required.  The 
filter  output  must  have  the  characteristic  output 
impedance  equal  to  the  antenna  resistance  R„„. 
R„,„  is  the  antenna  radiation  resistance,  and  R.. 
is  a  dissipating  resistor  which  removes  the  energy 
of  the  unwanted  frequencies.  The  tuned  circuits, 
formed  bv  coaxial  lines,  determine  the  frequen- 
cies to  be'  passed  to  and  radiated  by  the  antenna 
and  the  unwanted  frequencies  to  be  passed  to 
and  dissipated  by  R.|.  . 

11-21.  The  series-resonant  circuit  L3-C3  is 
tuned  to  a  frequency  slightly  lower  than  the  car- 
rier frequency.  At  this  frequency  and  higher, 
the  impedance  of  L3-C3  will  be  zero  (Z..,);  this 
effectively  moves  ground  to  the  bottom  of  LI  and 
short-circuits  R.,.  At  the  same  time,  the  circuit 
components  L2-C2  appear  as  an  inductive  reac- 
tance XI.  The  effective  filter  circuit  for  this  fre- 
quency will  be  a  pi  type  filter  as  shown  by  LI -CI 
and  XI  of  figure  70.  All  the  available  power 
for  the  video  sicnal  at  this  frequency  and  higher 
(depending  on  "the  designed  bandpass)  will  be 
fed  to  the  antenna  represented  by  Rn,,f  The 
effective  circuit  represents  a  high-pass  filter.^ 

11-"'''  The  series-resonant  circuit  L2-C2  is 
resonanT  to  the  desired  cutoff  frequency  (that 
point  of  the  lower  sideband  frequencies  at  which 


attenuation  will  start  to  take  place).  At  this  fre- 
quency and  lower,  the  circuit  impedance  of 
L2-C2  is  zero  (Z.w).  resulting  in  an  effective 
short  circuiting  of  the  antenna  (Rt«t).  At  the 
same  time.  L3-C3  will  appear  as  a  capacitive 
reactance.  X,.  The  effective  filter  circuit  at 
this  frequency  and  lower  will  be  a  pi  type  filter 
as  shown  by  X<.,  LI.  and  CI  of  figure  70.  In 
this  case  all  the  energy  will  be  dissipated  by  the 
resistor  R...  This  effective  circuit  represents  a 
low-pass  filter. 

11-23.  As  a  result  of  the  foregoing  action,  the 
high  frequencies  of  the  operating  band  are  passed 
more  easily  to  the  antenna  and  the  low  frequen- 
cies to  the  dissipating  resistor,  to  form  the  fre- 
quency band-pass  response  of  the  signal  required 
by  FCC.  The  resistor  Rj  is  designed  to  handle 
sufficient  power  dissipation.  Even  so,  the  greatest 
part  of  the  total  energy  to  be  transmitted  is  found 
at  the  carrier  frequency  and  near  the  carrier  fre- 
quencies in  the  sidebands.  This  indicates  that 
the  resistor  receives  only  a  small  amount  of  the 
total  power. 

11-24  Because  the  frequency  response  of  a 
filter  begins  to  rise  again  at  frequencies  below 
the  desired  cutoff  point,  the  vestigial  sideband 
filters  actually  used  are  designed  more  elabor- 
ately than  the  one  shown  in  figure  70.  Added 
sections  of  coaxil  line  provide  more  absolute 
attenuation  of  the  unwanted  lower  sideband  fre- 
quencies. If  a  vestigial  sideband  filter  is  'nserted 
after  the  final  r-f  stage  (as  shown  m  fig.  68) 
the  output  of  the  filter  will  feed  a  diplexer.  If 
the  filter  is  used  at  an  earlier  stage,  the  output 
of  the  final  r-f  stage  will  feed  the  diplexer.  The 
diplexer  is  usually  employed  to  permit  the  visual 
and  aural  transmitters  to  feed  into  a  common  an- 
tenna system. 

11-25.  Aural  transmitter.  Figure  71  represents 
a  block  diagram  of  the  functional  stages  of  the 
FM  aural  TV  transmitter.  The  audio  signal  ar- 
riving from  the  studio  is  usually  reamplified  to 
produce  operating  levels.  Amplification  is  ac- 
complished with  a  line  amplifier  inserted  at  the 
transmitter  end  of  the  studio-to-transmitter  line. 
A  compression  amplifier  is  often  used  after  the 
audio  signal  has  been  amplified  to  prevent  over- 
modulation  of  the  transmitter.  The  compression 
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amplifier  also  permits  settiiius  of  average  modu- 
laiion  levels  close  to  the  allowable  limits. 

11-26.  The  audio  frequency  is  applied  to  the 
FM  modulator  unit  where  frequency-modula- 
tion takes  place  and  the  center  frequency  of  the 
aural  signal  is  initiated  and  controlled.  The  FM 
signal  is  controlled  either  directlj,  by  a  crystal 
followed  by  multiplier  stages,  or  through  the  com- 
parison of  two  frequencies  derived  from  a  master 
oscillator  and  a  crystal  oscillator.  In  the  latter 
method,  a  difference  of  frequency  produces  a 
corrected  voltage  which  is  applied  back  to  the 
master  oscillator  to  provide  frequency  stability. 
The  frequency  control  of  the  initial  signal  must 
be  highly  stable  in  order  to  provide  the  proper 
frequency  difference  (4.5  MHz)  between  the 
visual  and  aural  carrier  signals  for  application  of 
the  intercarrier  principle. 

11-27.  The  number  of  frequency  multiplier 
stages  depends  on  the  initial  frequency  produced 
in  the  modulator-oscillator  section  and  the  opcra- 
ing  band  for  which  the  transm'  r  is  designed. 
The  general  principles  found  in  TV  au'al  trans- 
mission are  almost  identical  with  those  used  in 
FM  radio  broadcasting.  The  main  difference  is 
that  FM  radio  is  designed  with  a  center  fre- 
quency deviation  of  75  KHz.  whereas  the  devia- 
tion in  TV  is  only  25  KH^.  Monitors  are  used  to 
record  the  carrier  frequency  (center  frequency) 
and  modulation  deviation  readings  continuously. 
A  loudspeaker  is  provided  in  most  cases  for  aural 
monitoring  of  the  signal,  and  provisions  are  made 
for  noise  and  distortion  measurements.  The  tol- 
erance for  the  aural  center  frequency  under 
monochrome  standards  is  set  at  :r  1000  Hz.  Dis- 


tortion must  be  held  to  current  FCC  standards. 
^Vilh  =25  KH^  being  defined  as  100  percent 
modulation,  measurements  are  made  at*100,  50. 
and  25  percent.  Maximum  distortion  ranges  from 
2.5  to  3.5  percent,  dependinj;  on  the  modulation 
frequency.  The  power  output  ct  the  aural  trans- 
n:it:er  cutout  must  meet  minimum  and  ma.ximunn. 
FCC  standards.  These  standards  are  expressed  as 
a  relationship  between  the  aural  and  visual  trans- 
mitter outputs.  For  example,  the  standard  may 
require  that  the  aural  output  be  from  80  to  110 
percent  of  the  visual  output.  The  signal  from  the 
aural  transmitter  is  passed  on  to  the  diplexer 
through  coaxial  cable,  which  connects  to  an 
antenna  system  common  to  the  visual  transmitter. 

11-28.  The  diplexer,  A  diplexer  unit  is  em- 
ployed by  TV  systems  using  one  antenna  for  the 
transmission  of  both  the  aural  and  visual  signals. 
Besides  connecting  the  two  separate  transmitter 
output  signals  to  a  common  antenna  system,  the 
diplexer  also  prevents  intercoupling  between  the 
two  signals.  A  tee-diplexer  used  in  VHF  band 
transmission  is  shown  in  figure  72. B,  along  with 
a  schematic  of  the  equivalent  circuits  fed  by  the 
two  signals  (fig.  72,A). 

11-29.  As  you  can  see,  the  diplexer  schematic 
shows  the  use  of  the  familiar  Wheaistone  bridge. 
This  principle  achieves  the  desired  isolation  be- 
tween the  two  transmitter  inputs.  The  arrange- 
n.^ent  also  permits  the  symmetrical  feeding  of  the 
twvi  transmitter  outputs  to  the  TV  transmitting 
antenna  system.  The  output  of  the  visual  trans- 
mitter is  applied  across  one  pair  of  bridge  points 
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while  the  aural  transmitter  is  applied  across  the 
other  pair.  The  two  antenna  outputs  eonstitute 
adjoininu  arms  oi  the  bridge  while  split  sleeves 
form  the  bridue  arms  opposite  the  antennas.  II 
the  arms  of  the  bnduc  arc  in  perfect  balance,  the 
eneruy  applied  to  one  pair  of  bridge  points  will 
not  appear  at  the  other  pair.   Crosstalk,  there- 
fore  will  be  eliminated  by  carefully  balancing 
the  bridue  arms.  The  diplcxcr  must  be  designed 
and  buift  for  specific  operating  frequencies.  For 
UHF  frcouencv  application,  of  course,  the  di- 
pleKcr  is  much  smaller  in  size  than  the  types 
used  in  the  VHF  bands.  Notice  in  figure  7-.A. 
that  the  antenna  load  presented  to  the  aural 
transmitter   is   unbalanced   to   ground  (single- 
ended),  whereas  the  visual  transmitter  output 
load   is   balanced   to   ground  (double-ended). 
The  output  of  the  visual  transmitter  is  normally 
smele-cndcd  (coaxial  line).  To  convert  the  vis- 
u  if  output  to  match  the  double-ended  load  of  the 
bridce  diplcxcr.  a  device  known  as  a  balun  is 
used"   (The  theory  of  baluns  will  be  discussed  m 
the  next  section.)  The  construction  of  the  bridge 
diplexer  is  based  on  the  split  balun  (fig.  72.C). 
in  which  the  outer  conductor  of  a  coaxial  line  is 
split  for  a  quarter-wavelength  ( inductor  L  in  fig. 
72  A) 

"11-30.  Transmission  Polarity.   In  the  United 
States  negative  transmission  is  standard  for  the 
TV  picture  carrier.   Negative  transmission  is  a 
carrier  which  is  modulated  so  an  increase  in  pic- 
ture brightness  results  in  a  decrease  in  signal 
amplitude.    In  a  negative  transmission  the- tips 
of  the  synchronizing  pulses  represent  maximum 
carrier  level.  The  highlights  in  the  picture  cor- 
respond to  the  maximum  carrier  amplitude.  An 
advantage  of  negative  transmission   is  that  it 
makes  use  of  the  nonlinear  transmitter  modula- 
tion characteristic  sometimes  encountered.  Be- 
cause of  the  rectangular  shape  of  the  synchromz- 
inu  pulses,  any  compression  or  saturation  taking 
place  durinu  the  modulation  process  only  reduces 
the  amplitude  of  the  pulses;  otherwise  their 
Zpc   is   not   materially   affected.   It   is  also 
possible    to   compensate    for  .  compression  by 
Srecmphasizing  the  synchronizing  pulses  before 
modulation.  In  this  way  a  correct  ratio  of  picture- 
to-synchronizing  pulse  amplitudes  "la.ntained 
m  a  positive  transmission  system  the  highlights 
of  the  picture  correspond  to  the  maximum  car- 
rier-  however,   any   nonlinear   region   of  the 
modulation  characteristic  cannot  be  used  without 
compression  of  the  white  portion  of  the  picture 
signal.  A  lame  portion  of  the  low  end  o  the 
modulation  cLrve  (which  is  usually  completely 
linear)  is  used  up  by  the  synchronizing  pulses. 

11-31    Negative  transmission  has  the  advant- 
aue  that  noise  peaks  will  produce  black  spots  or 


streaks  rather  than  white  in  the  reproduced  oic- 
ture,  For  this  reason  black  "noise"  is  generally 
less  objectionable  than  white  "noise."  especially 
if  the  amplitude  of  the  white  noise  is  great  enough 
to  produce  blooming  of  the  picture-tube  scanning 
beam.  The  picture  tube,  therefore,  serves  as  a 
partial  noise  limiter  in  a  negative  transmission  sys- 
tem because  the  interference  cannot  become  any 
blacker  than  black. 

1 1-32.  Normally,   negative  transmission  sys- 
tems will  have  an  average  power  rating  of  the 
transmitter.  This  is  less  than  that  for  a  positive 
transmission  system  because  the  duty  cycle  of 
the  synchronizing  pulses  is  small  as  compared  to 
the  average  picture  waveform.  This  means  that 
the  averaee  transmitter  power  requirements  are 
less  when  the  synchronizing  pulses  (negative 
transmission),  rather  than  the  picture  waveform 
(positive  transmission),  determine  the  maximum 
peak  power  needs.   Negative  transmission  also 
offers  advantages  in  TV  receiver  design  with  re- 
spect to  automatic  gain  control  and  the  inter- 
carrier  sound  system. 

1 1-33.  General  Maintenance.  Finding  troubles 
that  develop  in  a  transmitter  is  relatively  quick 
and  simple  if  you  follow  a  few  definite  rules. 
There  is  a  general  procedure  that  can  be  fol- 
lowed in  troubleshooting  which,  with  a  few  spe- 
cific rules,  can  be  made  to  apply  to  any  particu- 
lar transmitter.  In  most  transmitters  practically 
all  troubles  can  be  isolated  to  a  stage  by  using 
meter  indications.  The  following  normal  indica- 
tions listed  are  those  where  the  meter  is  located 
in  the  cathode  circuit. 

Oicilhitor.  The  meter  will  indicate 
total  oscillator  tube  current.  When  the  plate  cir- 
cuit is  tuned,  the  meter  reading  will  "dip"  if  the 
oscillator  is  functioning  normally. 

11-35.  Doubter.  The  meter  indicates  doublcr 
tube  current  and  the  reading  will  dip  when  you 
are  tuning  the  doubler  plate  circuit  if  all  the  pre- 
ceding stages  are  operating  normally.  Care  must 
be  taken  to  obtain  the  lowest  dip  in  this  position 
or  the  staue  will  be  tuned  to  the  wrong  harmomc. 

1  \  -3b.  ~Tripler.  The  meter  indicates  total  trip- 
ler  tube  current;  when  the  plate  circuit  is  tuned, 
the  meter  reading  will  dip  if  the  tripler  is  re- 
ceivinc  drive  from  the  preceding  stage  and  is 
working  normally.  Again,  care  must  be  taken  to 
obtain  the  lowest  dip  cr  the  stage  will  be  tuned 
to  the  wrong  harmonic. 

11-37.  Power  amplifier.  Tlie  meter  indicates 
power  amplifier  tube  currem  and  will  dip  when 
tuning  the  plate  circuit.  This  will  be  true  only 
if  all  the  preceding  stages  are  operating  normally 
and  the  grid  circuit  is  properly  tuned. 

1 1-38?  If  a  transmitter  is  designed  to  use  grid 
readings  in  addition  to  cathode  readings,  remem- 
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bcr  that  a  grid  reading  will  be  for  maximum 
current  rather  than  a  dip.  The  meter  aciu*i!l\ 
indicates  the  grid  drive  of  a  stage.  This  drive  or 
reading  should  increase  as  the  plate  circuit  of  the 
previous  stage  is  tuned  to  resonance. 

11-39.  When  troubieshooting  a  transmitter, 
start  with  the  oscillator  and  continue  until  you 
reach  the  stage  giving  an  abnormal  meter  readinu 
or  no  meter  reading.  This  should,,  of  course,  be 
the  defective  stage.  Most  maintenance  will  con- 
sist of  cleaning  filters,  cavities,  and  other  com- 
ponents. The  other  major  maintenance  items  will 
v*jnsist  of  tube  and  fuse  replacements.  The  prob- 
lems to  be  solved  will  be  easy  if  you  will  "read** 
the  symptoms  and  reason  them  out. 

11-40.  Color  Transmitters,  Many  of  the  trans- 
mitters used  by  commercial  companies  were  de- 
signed before  color  requirements  were  completely 
standardized.  As  a  result,  because  of  initial  in- 
vestments, modifications  have  been  developed  to 
adapt  these  transmitters  to  color  operation.  Wc 
can  conclude  from  this  statement  that  TV  trans- 
mitters are  fundamentally  the  same  for  mono- 
chrome and  color.  The  main  factor  to  be  con- 
sidered, relative  to  color  transmission,  is  the 
reduced  tolerance  limits.  Some  specific  problems 
are  the  filters  and  clampers  of  the  various  trans- 
mitter circuits  which  tend  to  distort  the  burst  sig- 
nals and  the  **whiter-than-white"  overshoots. 

11-  41.  The  new  transmitters  being  designed 
and  used  are  able  to  meet  the  FCC  standards  in 
the  sections  dealing  with  permissible  subcarrier 
amplitude  and  phase  errors.  There  are  certain 
auxiliary  units  designed  to  be  used  with  a  color 
TV  transmitter.  These  units  include  stabilizing 
amplifiers,  phase  and  amplitude  equalizers,  time 
delay  precompensation  sections,  and  linearity 
correctors.  Parts  of  these  units  are  passive  net-  * 
works,  while  others  are  units  with  circuits  of 
solid  state  or  tube  design.  The  vestigial  sideband 
filter  for  color  transmission  must  be  adequate  to 
keep  the  burst  signal  radiation  to  the  —  60-db 
level  specified  by  the  FCC. 

12.  VHF  Antennas 

12-  1.  The  antenna  system  is  the  link  between 
an  individual  transmitting  station  and  its  receiv- 
ing station  or  stations.  Regardless  of  the  form  of 
the  TV  antenna,  its  main  purpose  is  to  radiate 
or  receive  signal-bearing  r-f  energy.  An  antenna 
system  can  be  considered  to  include  the  antenna 
itself,  the  feed  line,  and  any  coupling  devices 
used  for  transferring  power  to  the  line  and  from 
the  line  to  the  antenna.  In  this  section  we  will 
consider  the  characteristics  of  transmission  lines 
at  various  frequencies,  the  propagation  and  radia- 
tion characteristics  at  various  frequencies,  the  re- 
quirements of  VHF  television  antennas,  and  the 


physical  anJ  electrical  charocicrisiics  of  r.ome 
special  types  of  \  HF  televisi(m  anieniuis 

12-2.  Transmisision  and  Propugulion.  The 
transmission  line  provides  ihc  path  for  transfcrr- 
iny  si.ynal  energy  Ironi  the  TV  iransrniiicr  lo  iis 
antenna  and  for  delivering  the  :>ignal  energy  re- 
ceived by  the  antenna  to  a  TV  receiver  Propa- 
gation refers  to  the  way  the  elecironiaunctk- 
waves,  representative  of  the  TV  siunal.  travel 
from  the  transnuitmg  antenna  lo  liie  rcceivini: 
antenna.  A  knowledge  of  the  characteristics  of 
transmission  lines  anil  propagation  very  im- 
portant in  TV  work. 

12-3.  VHF  u*lcv/.\i(fn  trummissifin  require- 
ments. The  iransmiiier*s  frequency  of  operation 
depends  upon  its  channel  allocation  (\'HF  elian- 
nel  allocations  were  discussed  in  Section  II  ).  A 
transmission  line  must  be  capable  of  '".nsfcrrini: 
signal  energy  from  one  point  to  a,,.HiKr  with 
minimum  attenuation  and  without  introducing 
any  reactive  componeiits  which  would  vary  the 
characteristics  of  its  input  or  output  circuits.  Also, 
a  transmission  line  whould  have  negligible  pickup 
along  its  length  s(>  that  it  will  not  introduce  sig- 
nals into  the  receiver  other  than  tliose  received 
signals  coming  from  the  antenna. 

12-4.  Transmissi<m  lirnw.  An  efficient  'runs- 
mission  line  must  be  .selected  witli  great  care  with 
respect  to  dimensions,  length,  and  impedance 
matching.  Failure  to  secure  optimum  conditions 
results  in  a  noticeably  pronounced  decrease  in 
picture  and  sound  signals  and  an  increase  in 
noise  interference.  Two  general  types  of  trans- 
mission lines,  the  parallel-wire  type  and  the 
coaxial  cable,  are  used  extensively  in  \  HF  TV 
installations. 

12-5.  A  transmission  line  can  be  described 
in  terms  of  its  characteristic  impedance  (Z„), 
determined  by  the  diameter  of  the  conductors 
and  the  spacing  between  them.  You  will  recall 
that  Zn  is  the  same  regardless  of  the  length 
of  the  line  and  is  defined  in  electrical  terms  as 

Zo  =         Z,.  is  in  ohms.  L  is  the  inductance  per 

unit  length  in  henrys.  and  C  is  the  capacitance  per 
unit  length  in  farads. 

12-6.  A  line  terminated  in  a  resistive  load 
equal  to  Zo  is  nonrcsonant.  transfers  maximum 
power,  and  contains  no  reflected  energy.  On  the 
other  hand,  a  line  terminated  in  opens,  shorts, 
capacitances,  inductances,  or  resistances  unequal 
to  Zo  is  resonant  and  has  energy  reflected  back 
into  it  causing  standing  waves  to  be  set  up  on 
the  line.  You  have  no  doubt  already  noted  that 
the  measurement  of  standing  waves  on  a  trans- 
mission line  yields  information  about  its  effi- 
ciency of  operation. 


393 


12-7.  Of  the  three  types  of  inherent  losses  in 
a  line— resistive,  dielectric,  and  radiation — the 
radiation  loss  is  likely  to  be  the  most  variable.  It 
is  very  important  to  note  that  radiation  loss  varies 
with  frequency.  A  VHF  or  UHF  transmission 
line  is  efficient  only  at  the  frequency  for  which  it 
is  designed.  When  used  at  frequencies  higher 
than  those  for  which  it  is  designed,  a  line  has 
greater  losses. 

12-8.  Radiation  ami  pr<>pa\^ation  characteris- 
tics. You  will  recall  that  the  creative  manner  in 
which  electromagnetic  waves  travel  through 
space  is  called  propagation.  The  direct-wave 
component  of  a  VHF  or  UHF  radiated  field  tends 
to  travel  in  practically  a  **line-of-sight"  manner, 
with  minor  refraction  due  to  the  lower  atmos- 
phere. A  portion  of  the  wave  strikes  the  earth 
at  some  distance  from  the  antenna,  however,  and 
is  reflected  upward.  Increasing  the  height  of  a 
receiving  antenna  tends  to  decrease  signal-volt- 
age cancellation  caused  by  ground-reflected 
waves. 

12-9.  VHF  Antennas,  General.  The  electrical 
and  physical  features  of  VHF  antennas  are 
uniquely  determined  and  vary  with  operating  fre- 
quency, power-handling  capability,  plane  of  po- 
larization, and  the  desired  radiation  field  pattern. 
The  physical  size  of  an  antenna  is  determined 
primarily  by  its  operating  frequency  and  power- 
handling  capability,  whereas  its  shape  and  height 
are  determined  by  the  desired  radiation  field  pat- 
tern. Since  the  effective  authorized  area  of  serv- 
ice, local  terrain  conditions,  and  power  output 
level  of  transmitting  equipment  vary  from  in- 
stallation to  installation,  the  antenna  system  used 
is  almost  always  custom  designed  and  custom 
built. 

12-10.  Function  and  requirements.  The  func- 
tion of  the  VHF  television  transmitting  antenna 
is  to  radiate  with  essentially  uniform  efficiency  at 
the  frequency  range  of  the  channel  it  serves.  To 
perform  this  function,  the  antenna  must  meet  cer- 
tain physical  and  electrical  requirements. 

1 2-11.  The  physical  requirements  of  any  VHF 
antenna  system  include  adequate  structural 
strength  to  withstand  wind,  snow,  and  sleet  loads; 
low  wind-resistant  radiating  elements;  immunity 
to  damage  from  lightning;  and  deicing  facilities 
where  needed.  The  most  important  electrical 
considerations  of  the  VHF  transmitting  antenna 
include  horizontal  polarization  of  the  radiated 
v  aves.  omnidirectional  horizontal  radiation  pat- 
ten, wide  bandwidth,  high  gain,  adequate 
insulation  to  har.dle  peak  voltages  that  will  be 
applied  to  it.  and  vertical  directivity  to  obtain  the 
required  effective  radiated  power  in  relation  to 
the  transmitter  output.  Satisfactory  signal  re- 
ception by  VHF  TV  antennas  is  obtained  by 


considering  such  antenna  factors  as  broadband 
response,  directional  characteristics,  elimination 
of  unwanted  signals  and  reflections,  and  an- 
tenna location.  In  our  introductory  discussion  of 
the  various  properties  of  TV  antennas,  we  are 
taking  the  simple  dipole  as  the  basic  reference. 

12-12,  Resonant  wavelen^tlu  The  electrical 
(resonant)  wavelengths  of  TV  antennas  differ 
from  those  of  radio  waves  in  free  space.  As  the 
frequency  of  operation  increases,  radiation  resis- 
tance and  the  effect  of  capacitance  at  the  end  of 
the  antenna  effectively  reduce  the  resonant  wave- 
length of  an  antenna.  It  is  therefore  necessary  to 
cut  TV  antennas  with  a  correction  factor  (usually 
0.94).  For  example,  let  us  assume  we  are  design- 
ing an  antenna  for  television  channel  3.  60  to  66 
MHz.  using  the  midfrequency  (63  MHz)  in  the 
design  formula. 

12-13.  You  will  recall  that  a  formula  describ- 
ing r-f  propagation  in  free  space  is: 


X  (feet)  = 


984  feet 
F  (MHz) 


Using  the  correction  Tactor.  0.94,  we  can  deter- 
mine the  physical  length  of  the  antenna  which 
would  operate  with  an  effective  wavelength  equiv- 
alent to  that  of  a  63-MHz  signal: 


\  ( feet )  = 


984  feet  x  0.94 


63  MHz 
\  =  14.5  feet 

A  dipole  antenna  designed  for  channel  3  opera- 
tion, therefore,  should  be  7.25:.*feet  in  length.  It 
is  often  desirable  to  calculate  the  length  of  a  di- 
pole in  inches.  Here  is  a  practical  form  of  the 
formula  (including  a  correction  factor)  com- 
monly used  for  this  purpose: 


—  (inches)  = 


5540  inches 
F  (MHz) 


1 2-14.  Impedance,  The  impedance  at  any 
point  on  an  antenna  is  simply  equal  to  the  voltage 
at  that  point  divided  by  the  current  at  the  point. 
A  half-wave  dipole  antenna  usually  has  an  im- 
pedance of  approximately  72  ohms  at  the  center 
(input  impedance),  but  its  impedance  may  be 
several  thousand  ohms  at  the  ends,  with  inter- 
mediate points  having  intermediate  ohmic  values. 
These  values  are  valid  only  for  the  resonant 
frequency;  for  frequencies  off  resonance,  the 
center  impedance  is  greater. 

12-15.  Folded  dipole  antennas  can  be  used  to 
facilitate  impedance  matching  with  transmission 
lines.  Each  additional  conductor  of  a  folded  di- 
pole antenna  increases  the  input  impedance.  If 
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Figure  73.    Radiation  pattern  of  a  horizontally  mottnted 
dipole  antenna. 

two  conductors  are  used,  the  current  is  reduced 
to  one-half  its  original  value  and  the  input  im- 
pedance of  the  antenna  increases  to  four  times 
72  ohms,  or  about  300  ohms.  Therefore,  a  300- 
ohm  transmission  line  can  be  connected  to  the 
folded  dipole  and  a  correct  Z-match  will  occur. 
If  the  added  conductor  has  a  larger  diameter  than 
the  conductor  to  which  the  transmission  line  is 
connected,  the  impedance  stepup  produced  by 
the  folded  dipole  is  further  increased. 

12-16.  Polarization.  You  will  recall  that  the 
polarization  of  a  propagated  electromagnetic  wave 
depends  upon  the  direction  in  which  the  electric 
field  travels. with  respect  to  the  earth.  A  vertically 
mounted  antenna  radiates  a  vertically  polarized 
wave,  whereas  a  horizontally  mounted  antenna 
radiates  a  horizontally  polarized  wave.  Horizon- 
tal mounting  of  the  transmitting  antenna  in  the 
clear  at  a  high  altitude  substantially  reduces  the 
effects  of  the  earth  on  the  propagated  wave. 
Better  reception  is  usually  obtained  from  a  hori- 
zontally mounted  receiving  antenna  because  it 
is  less  susceptible  to  noisie  pickup. 

12-17.  Directivity.  Antennas  which  radiate  in 
all  directions  are  referred  to  as  omnidirectional. 
Since  radio  waves  are  electromagnetic  in  nature, 
they  can  be  directed  so  that  radiation  either  oc- 
curs in  specific  directions  or  is  concentrated  into  a 
narrow  band.  The  polar-coordinate  graph  is  gen- 
erally used  in  studying  signal  intensity  or  radia- 
tion patterns.  Figure  73  is  a  polar  representa- 
tion of  a  horizontally  mounted  dipole  antenna. 
The  pattern  may  be  used  to  interpret  transmitting 
or  receiving  directivity  characteristics. 

12-18.  The  antenna  characteristic  that  causes 


the  antenna  lo  radiate  or  receive  more  ^  uwer  in 
certain  directions  than  in  others  is  direr  iiv:»\ . 
There  are  several  method-  ohiaining  dir^-xtionai 
characteristics  in  an  antenna.  One  mcihiM  u^cs 
either  driven  or  parai^itic  niultielenicnt  arrays. 
Driven  arrays  are  bidirectional,  whereas  para- 
sitic arrays  arc  unidirectional.  '  Another  method 
uses  reflectors  and  directors.  Still  anorhcr  uses  a 
number  of  individual  antennas  connected  to- 
gether. .A  combination  of  nK'tliods  ma\  be  used 
to  achieve  highly  directional  antennas.  Such  di- 
rectional antennas  form  an  important  part  ol' 
point-to-point  communications,  microwave  link, 
and  radio  relay  systems.  Many  TV  systems  utilize 
a  microwave  link  between  the  studio  and  trans- 
mitting antenna.  Microwave  signals  irovcl  in 
straight  lines.  It  is  therefore  possible  lo  relleci 
and  focus  them  in  a  manner  similar  to  light  waves. 
The  use  of  highly  directive  antennas  pcrntiis  a 
small  amount  of  energy  at  a  transmitting  point  to 
produce  a  satisfactory  signal  at  a  distant  receiving 
point. 

12-19.  The  VHF  TV  broadcastin;^  antenna  is 
generally  omnidirectional:  however,  the  receiv« 
ing  antenna  is  generally  directional  and  is  oriented 
to  have  ma.ximum  sensitivity  in  the  direction  of 
the  transmitting  slaiion.  The  directional  rcceivmi! 
antenna  has  better  sensitivity  and  less  noise 
pickup  than  the  omnidirectional  antenna.  In- 
creasing directivity  increases  antenna  sensitivity 
and  tends  to  eliminate  unwanted  rjgnals,  v.avc 
reflections,  and  interference.  Horizontal  direc- 
tivity can  be  achieved  by  placing  one  or  more  re- 
flectors behind  the  antenna  and  directors  in  front 
of  the  antenna.  Vertical  directivity  can  be  achieved 
by  stacking  antenna  arrays  one  above  the  other. 
Some  specific  military  application  may  require  a 
directional  transmitting  antenna 

12-20.  Gain,  The  gain  of  an  antenna  depends 
upon  its  total  radiation  pattern  and  is  a  function 
of  directivity.  The  gain  of  one  antenna  over  that 
of  any  other  antenna  can  be  Jeterniincd  by  ob- 
serving the  field  strength  of  both  antennas  at  a 
particular  point.  Generally,  the  basic  half-wave 
(dipole)  antenna  is  the  standard  against  which 
other  antennas  are  measured.  When  wi  *<peci- 
fied  otherwise,  the  figure  expressing  ihe  gain  of 
an  antenna  refers  to  the  gain  in  the  direction  of 
maximum  radiation,  or  reception.  Ciain  is  ex- 
pressed in  terms  of  decibels,  with  zero  decibels 
(0  db)  the  standard  for  the  gain  of  a  dipole. 

12-21.  Band\i'idth.  Vox  optimum  service,  the 
transmitting  antenna  should  have  a  constant  fre- 
quency response  over  the  ^vmc  bandwidth  .t)f  iis 
assigned  TV  channel.  A  single  receiving  anienna 
array  is  often  used  receive  many  VMf*  T\' 
channels.  Rcducini!  the  O  of  an  antenna  will  in- 
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crease  its  bandwidth.  A  reduction  in  Q  also  will 
lower  the  gain  of  an  antenna.  Methods  employed 
to  provide  a  wideband  response  and  maintain 
gain  may  include: 

•  Folding  elements. 

•  Increasing  size  and/or  number  of  elements. 

•  Intricate  phasing  of  elements. 

•  End-fire  arrangements. 

•  Stacking  of  arrays. 

12-22.  Factors  Affecting  Efficiency.  If  antennas 
arc  to  produce  or  collect  electromagnetic  energy 
in  an  efficient  manner,  they  must  be  designed  and 
mounted  in  a  fashion  which  permits  efficient  op- 
eration. Let  us  now  discuss  some  of  the  factors 
which  are  considered  in  the  designing  and  mount- 
ing of  VHF  antennas. 

12-23.  Design  considerations.  The  field  pat- 
tern of  a  given  antenna  is  the  same  for  reception 
as  for  transmission.  The  functions  of  the  trans- 
mitting and  receiving  antennas  are.  however, 
quite  different.  Transmitting  antennas  are  de- 
signed for  high  efficiency  in  radiating  energy, 
whereas  receiving  antennas  are  designed  for  the 
efficient  pickup  of  energy.  Some  of  the  major 
factors  considered  in  the  design  of  antennas  are 
(1)  frequency  of  operation.  (2)  power-handling 
capabilities,  and  (3)  desired  beam  pattern.  Spe- 
cial types  of  antennas  designed  for  specific  pur- 
poses will  be  discussed  in  the  last  part  of  this 
section. 

12-24.  Mounting  considerations.  Since  hills, 
buildings,  and  trees  affect  propagation  and  de- 
crease efficiency,  surrounding  areas  must  be  con- 
sidered when  installing  antennas.  Transmitting 
sites  should  be  chosen  to  provide  minimum  bend- 
ing of  direct-path  energy.  Receiving  antenna 
sites  should  be  chosen  to  provide  minimum  re- 
flections, shadow  losses,  absorption  losses,  and 
interference.  The  lin<^-of-signt  distance  can  be 
extended  by  increasing  the  height  of  either  or 
both  of  the  transmitting  and  receiving  antennas. 
To  assure  optimum  service  to  the  maximum 
number  of  people,  transmitting  antennas  are  us- 
ually placed  atop  a  high  tower  or  mast  which  is 
itself  on  top  of  the  highest  building,  mountain, 
or  hill  available.  Since  field  strength  depends 
upon  height,  increasing  the  height  of  receiving  an- 
tennas results  in  stronger  signal  reception. 

12-25.  It  is  desirable  to  concentrate  vertical 
radiation  at  small  vertical  angles  to  provide  best 
coverage  of  the  service  area,  VHF  energy  radi- 
ated at  rngles  considerably  higher  than  the  line- 
of-sight  path  is  wasted  because  it  does  not  return 
to  the  effective  path  of  signal  transmission.  VHF 
energy  radiated  downward  toward  the  earth  is 
either  absorbed  by  the  earth  or  reflected  back  to 
reduce  signal  strength  or  cause  ghosting  in  the  re- 


ceiver. Vertical  directivity  can  be  readily 
achieved  by  stacking  identical  antenna  arrays  one 
above  the  other  and  feeding  them  in  phase, 
Stacking  antenna  arrays  concentrates  sensitivity  . 
at  smaller  vertical  angles.  This  arrangement  also 
reduces  noise  pickup  from  the  top  and  bottom  of 
the  antenna,  thus  improving  reception  sensitivity 
in  the  desired  direction. 

12-26.  Power«Handling  Capabilities.  In  order 
to  assure  the  best  possible  TV  service  to  the 
maximum  number  of  people,  the  FCC  limits  both 
the  maximum  and  minimum  power  which  may  be 
radiated  by  each  broadcasting  station.  The  ar«- 
tenna  system  must  be  capable  of  handling  the 
peak  power  output  of  the  picture  and  sound 
transmitters  (peak  power  input  of  the  antenna). 
Meeting  this  requirement  demands  consideration 
of  power-handling  capability  when  selecting  a 
transmitting  antenna.  It  should  be  understood 
that  antenna  input  power  and  effective  radiated 
power  (ERP)  are  not  the  same.  Basically,  ERP 
is  the  product  of  the  antenna  input  power  and 
antenna  gain.  In  other  words,  a  relative  medium 
.  antenna  input  applied  to  a  high-gain  antenna 
may  be  as  effective  as  a  high  power  output  ap- 
plied to  a  low-gain  antenna.  The  maximum  ERP 
for  a  TV  station  is  established  with  reference  to 
the  visual  transmitter.  Channel  assignment  and 
antenna  height  become  factors  in  ERP  standard. 
The  transmitting  antenna  must  be  properly 
insulated  to  withstand  the  peak  voltages  of  the 
transmitters  it  serves.  However,  insulation  of  the 
receiving  antenna  presents  no  problem  because 
received  signal  strength  is  never  over  a  few 
microvolts. 

12-27.  Impedance  Matching.  The  impedance  of 
the  transmission  line  serving  an  antenna  system 
must  be  matched  to  the  antenna  it  serves.  You 
will  recall  that  there  is  a  maximum  transfer  of 
energy  only  when  the  impedances  of  load  and 
generator  circuits  are  both  resistive  and  equal. 
Transmitting  antennas  are  designed  to  radiate 
with  uniform  efficiency  over  the  frequency  of  the 
range  of  the  assigned  channel.  With  proper  im- 
pedance match  to  the  transmission  line,  an  an- 
tenna will  radiate  all  of  its  input  power,  except 
for  the  portion  dissipated  thermally  in  the  antenna 
conductors.  Defective  termination  causes  reflec- 
tions to  occur  ut  the  antenna  terminals  and  stand- 
ing waves  on  the  transmission  line,  Since  the 
standing-wave  ratio  for  any  given  sideband  com- 
ponent is  a  function  of  frequency,  the  signal 
reaching  the  antenna  suffers  from  frequency  and 
phase  distortion  in  addition  to  attenuation. 

12-28.  Matching  of  the  charrcteristic  imped- 
ance of  the  transmission  line  with  the  input  im- 
pedance of  the  receiver  is  important  from  the 
standpoint  of  maximum  signal  transfer.  This  is 
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especially  true  in  weak  signai  areas.  In  aJdition 
to  atiwnuating  signal  strength,  reflections  due  to 
mismatching  at  the  receiver  input  terminals  pro- 
duce double  image  effects  on  the  picture  screen 
(ghosts).  Matching  at  the  receiver  input  (usu- 
ally 72  or  300  ohms)  is  done  by  using  a  trans- 
mission hne  with  a  corresponding  value  of  char- 
acteristic impedance.  In  strong  signal  areas,  close 
matching  of  the  antenna  to  the  transmission  line 
is  not  as  important  because  ihc  mismatch  results 
merely  in  a  slight  loss  of  signal  strength;  how- 
ever, in  this  case,  the  transmission  line  and  re- 
ceiver input  impedances  should  be  matched. 

12-29.  Baluns.  There  are  two  types  ot  lines 
or  circuits — balanced  and  unbalanced.  The  two 
conductors  of  a  balanced  transmission  line  have 
equal  resistance  per  unit  length  and  equal  imped- 
ance from  each  conductor  to  ground  and  to  other 
electrical  circuits.  Antennas  are  usually  balanced; 
that  is,  they  are  symmetrically  constructed  with 
respect  to  the  feed  point.  Twin  lead  transmission 
lines  are  balanced.  The  use  of  shielded  twin 
leads  does  not  disturb  the  balance  because  the 
shield  does  not  act  as  a  conductor  for  the  siunai 
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Figure  75.    Coaxial  balun. 

energy.  A  coaxial  cable  transmission  line  is  un- 
balanced. Its  outer  conductor  has  a  much  larger 
surface  area  than  the  inner  conductor,  causing 
the  line  to  be  inherently  unbalanced.  The  con- 
nection between  the  coaxial  line  and  the  antenna 
must  be  made  without  upsetting  the  symmetry  of 
the  antenna  itself.  This  requires  a  circuit  that 
will  isolate  the  balanced  load  from  the  unbal- 
anced line  while  providing  efficient  power  trans- 
fer. The  device  which  performs  this  function  of 
converting  balanced  to  unbalanced  feed  systems, 
or  vice  versa,  is  called  a  balun.  The  word  is  a 
contraction  of  balanced-to-unbalanced. 

12-30.  Bazooka  balun.  A  satisfactory  connec- 
tion can  be  made  with  a  bazooka,  or  line-balance 
converter,  as  shown  in  figure  74.  In  the  coaxial 
line,  the  center  conductor  corresponds  to  the  hot 
lead;  that  is.  it  has  a  high  r-f  potential  and  is  at 
some  impedance  to  ground.  The  purpose  of  the 
bazooka  is  to  raise  the  outer  conductor  to  a  high 
impedance  above  ground.  Through  the  use  of  a 
quarter-wave  shorted  cylinder,  the  impedance  be- 
tween the  outer  conductor  and  ground  can  be  in- 
creased to  the  required  value  ffig.  74,  A).  This 
quarter-wave  cylinder  is  connected  directly  to  the 
outer  conductor  of  the  coaxial  line  and  is  short 
circuited  at  this  point  as  shown.  Since  the  cylin- 
der is  a  quarter-wavelength  long,  it  presents  a 
high  impedance  at  the  open  end.  Therefore,  the 
shield  is  isolated  from  ground  (electrically  one- 
quarter  wavelength)  and  can  be  connected  to  one 
wire  of  a  balanced  line  or  antenna.  The  action  of 
the  bazooka  is  similar  to  that  of  the  transformer 
shown  in  figure  74. B.  The  primary  is  grounded 
at  one  end.  while  the  secondary  is  grounded  at 
the  midpoint  of  the  winding. 

12-31.  Coaxial  bahuh  Another  method  of 
connecting  a  coaxial  cable  to  a  balanced  trans- 
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mission  line  or  a  balanced  antenna — while  at  the 
same  time  having  a  4-to-l  impedance  stepup — is 
shown  in  figure  75.  Equal  and  opposite  voltages, 
balanced  to  ground,  are  taken  from  the  inner 
conductor  of  the  main  transmission  line  and  half- 
wave  phasing  sections.  Since  the  voltages  at  the 
balanced  end  arc  in  scries  white  the  voltages  at  the 
unbalanced  end  are  in  parallel,  there  is  a  four-to- 
one  step  down  ratio  in  impedance  from  the  bal- 
anced to  the  unbalanced  side. 

12-32.  VHF  Antennas,  Special  Types,  An  im- 
portant principle  in  the  study  of  antennas  is  that 


the  characteristics  of  an  antenna  used  for  trans- 
mitting arc  much  the  same  as  when  the  antenna 
is  used  for  receiving.  Some  of  the  practical  dif- 
ferences between  them  are  directional  character- 
istics*  power-handling  capabilities,  weather  pro- 
tection, and  elevation.  A  VHF  TV  transmitting 
antenna  should  be  omnidirectional  and  radiate  a 
broadband  signal.  Some  factors  which  affect  the 
choice  of  receiving  antennas  are  direction  and 
range  of  the  station  or  stations  to  be  received, 
channel  frequency  of  the  transmitting  station, 
noises  and  interferences  prevalent  in  the  sur- 
rounding area,  and  relative  signal  strength. 
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Figure  77.    Conical  antenna. 

12-33,  The  choice  of  an  antenna  is  sometimes 
a  matter  of  compromise.  Many  types  of  anten- 
nas, ranging  from  the  modified  basic  dipole  to 
more  complex  wideband  arrays,  are  used  today  in 
TV.  Our  discussion  of  the  characteristics  of 
VHF  TV  receiving  antennas  will  include  the 
Yagi,  conical,  and  log-periodic  types,  whereas  the 
discussion  of  transmitting  antennas  will  include 
the  turnstile,  traveling-wave  (slot  type),  and 
helical  types. 

12-34.  Yagi  antenna.  The  Yagi  antenna  is  one 
of  the  most  popular  TV  receiving  antennas.  Its 
characteristics  are  high  gain,  sharp  unidirectional 
response  pattern,  good  front-to-back  ratio,  and 
relatively  narrow  bandwidth.  The  Yagi  :inienna 
is  an  array  consisting  of  a  driven  ciemcnl  (di- 
pole) with  one  reflector  and  two  or  more  direc- 
tors. The  radiator  may  be  cither  a  simple  or 
folded  dipole.  Additional  reflectors  do  not  im- 
prove reception.  The  more  directors  used,  the 
greater  the  gain;  however,  the  gain  does  not  in- 
crease directly  with  the  number  of  elements. 
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Also,  adding  elements  will  decrease  the  imped- 
ance of  the  array.  * 

12-35,  The  simplest  Yagi,  such  as  the  one 
illustrated  in  figure  76, A,  is  most  effective  for 
a  single  channel  ( 6-mc  bandwidth ) .  Because 
of  its  high  gain  and  high  front-to-back  ratio,  it  is 
particularly  effective  in  a  weak  signal  area.  In 
many  locations,  however,  the  single-channel  an- 
tenna is  outmoded  because  of  the  greater  number 
of  TV  channels  occupied.  Wideband  •Yagi  an- 
tennas have  been  developed  for  use  in  areas 
where  several  distant  stations  that  are  close  in 
frequency  lie  in  the  same  general  direction. 

12-36.  The  basic  plan  for  the  wideband  Yagi 
is  illustrated  in  figure  76. B.  The  driven  elements 
are  folded  dipoles  which  may  be  the  same  or 
different  overall  leniiths.  However,  they  must 
be  properly  spaced  and  fed  to  make  the  system 
resonant  and  maintain  a  constant  impedance  over 
a  very  broad  band  of  frequencies.  The  length  of 
the  elements  must  be  properly  measured  and 
spaced  to  provide  wideband  service.  A  typical 
wideband  Yagi  employs  two  folded  dipoles  of 
different  lengths  which  are  fed  by  a  transmis- 
sion-line phasing  section  between  the  dipoles,  A 
double  reflector  is  used  to  obtain  the  most  suita- 
ble front-to-back  ratio  over  the  wide  hand  of 
frequencies  to  be  received.  A  group  of  two  to 
four  directors  can  be  placed  in  front  to  obtain 
peak  gain  and  good  front-to-back  ratio  at  the 
high-frequency  end  of  the  band  to  be  received. 
An  additional  parasitic  element  may  be  inserted 
between  the  driven  dipoles  to  act  as  a  reflector 
at  the  high  end  and  as  a  director  at  the  low  end 
of  the  frequencies  to  be  received.  It  is  possible 
to  cover  the  entire  TV  spectrum  with  three  or 
four  wideband  Yagis. 

12-37.  Fanned  type  conical  antenna.  One  of 
the  most  effective  of  all  VHF  channel  TV  re- 
ceiving antennas  is  the  fanned  type  conical,  shown 
in  figure  77. A.  The  low  O  needed  to  obtain 
broadband  characteristics  is  obtained  in  this  an- 
tenna by  the  large  cross-sectional  area  produced 
by  spreading  or  fanning  out  the  elements.  The 
six-element  conical  with  reflector  has  an  im- 
proved gain  at  the  high  ends  of  the  low-  and 
high-band  channels.  In  general,  the  conical  type 
antenna  must  be  oriented  carefully  on  the  low 
band  to  prevent  picture  smear  and  on  the  high 
band  to  prevent  echoes  in  the  picture.  High-band 
orientation  is  critical  because  of  the  sharper  di- 
rectional antenna  lobes  and  the  presence  of  strong 
minor  lobes  that  introduce  reflection  or  signal 
interference.  The  gain  of  the  conical  type  an- 
tenna can  be  raised  and  the  vertical  directivity 
pattern  improved  by  slacking  two  to  three  com- 
binations of  the  basic  type,  as  shown  in  fiaure 
77,B, 
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I2-3S.  Lo^'periodic  antenna.  The  log-peri- 
odic antenna  is  a  recently  developed  broad- 
band, hich-gain.  highly  directive  antenna.  The 
operational  and  design  characteristics  of  a  log- 
periodic  antenna  are  such  that  input  impedance, 
radiation  pattern,  and  the  active  elements  must 
repeat  periodically  as  a  function  of  the  logarithm 
of  frequency. 

12-39.  Design  parameters  for  a  planar  type 
log-periodic  dipolc  are  shown  in  figure  78.  The 
two  half  structures  are  fed  one  against  the  other 
in  a  horizontal  plane.  A  balanced-line  feeder  is 
used  in  the  illustration.  The  length  of  each  suc- 
cessive dipole  element  forms  a  geometric  pro- 
gression with  a  common  ratio  of  less  than  one. 
This  common  ratio  is  usually  referred  to  as  tau 
(r).  Tau.  called  the  scale  factor,  determines  the 
periodicity  (spacing)  and  the  number  of  ele- 
ments. As  the  number  of  elements  is  increased, 
the  directivity,  front-to-back  ratio,  gain,  and  input 
impedance  increase.    The  longest  element.  1„, 
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is  approximately  Vi   wavelength.  -=-=•.  at  the 
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lowest  operating  frequency,  and  the  shortest  ele- 
ment is  wavelength  at  the  highest  operating 
frequency. 


12-40.  The  limiting  factor  of  tau  is  the  angle 
phi  (</>).  .Angle  <i>  defines  or  limits  the  length 
of  each  succeeding  dipole  element  since  (/>  is  de- 
pendent upon  the" length  of  the  longest  element, 
the  length  of  the  shortest  element,  and  tau.  As 
the  angle  rf>  increases,  the  directivity,  front-to- 
back  ratio,  gain,  and  input  impedance  decrease. 
Therefore,  in  the  design  of  the  log-periodic  an- 
tenna, the  angle  ib  and  the  geometric  ratio  tau 
are  a  compromise  for  directivity,  front-to-back 
ratio,  gain,  and  input  impedance.  The  angle 
alpha  (a)  is  Vi  the  angle  <i>  and  is  used  in  the 
design  charts  for  a  log-periodic  antenna.  Sigma 
(cr)  is  the  spacing  factor  and  is  the  ratio  of  the 
distance  between  two  adjacent  elements  to 
twice  the  length  of  the  longest  element.  The 
geometry  of  the  log-periodic  antenna  relating 

Sigma  to  tau  and  alpha  is  o"  = 1  -  r)  cot  a. 

12-41.  Turnstile  antenna.  In  both  low-  and 
high-band  VHF  applications,  the  transmitting 
antenna  usually  consists  of  several  individual 
radiating  elements  arranged  one  above  the  other 
to  obtain  the  necessary  gain,  directivity,  and  de- 
sired bandwidth.  The  supenurnslile  arrangement, 
shown  in  figure  79.  is  an  example  of  this  type 
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Figure  78.    Log-periodic  antenna. 
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Figure  79.    Superturnstik  antenna. 
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of  antenna  design  Each  stacked  array  provides 
additional  signal  gain  for  the  TV  systefn.  Ciain 
for  low-band  VHF  antennas  is  usually  limited  to 
10  db  or  less,  whereas  high-band  VHF  antennas 
are  designed  tor  gains  as  high  as  20  db.  A  TV 
system  utilizing  an  antenna  having  a  gain  of  10 
db  can  realise  an  approximate  ERP  of  50  kw 
with  a  video  transmitter  output  of  5  kw. 

12-42.  The  turnstile  antenna  receives  its  name 
from  its  physical  shape.  The  basic  turnstile  an- 
tenna consists  of  two  horizontal  half-wave  an- 
tennas mounted  at  right  angles  to  each  other  in 
the  same  horizontal  plane.  When  these  two  an- 
tennas are  excited  with  equal  currents  90°  out 
of  phase,  the  typical  figure-eight  patterns  of  the 
two  antennas  merge  to  produce  to  the  nearly  cir- 
cular pattern  shown  in  figure  80,A.  When  two 
pairs  (bays)  are  stacked  1/2  wavelength  apart 
and  the  corresponding  elements  excited  in  phase, 
as  shown  in  figure  81,  a  part  of  the  vertical 
radiation  from  each  pair  cancels  that  of  the  other 
pair.  By  stacking  a  number  of  bays,  the  vertical 
radiation  pattern  can  be  altered  to  obtain  sub- 
stantial gain  in  all  horizontal  directions  without 
altering  the  overall  horizontal  directivity  pattern. 
Figure  80,B,  compares  the  circular  vertical  radia- 
tion pattern  of  a  single-bay  turnstile  with  the 
sharp  pattern  of  a  four-bay  turnstile  array.  A 
three-dimensional  radiation  pattern  of  a  four- 
bay  turnstile  antenna  is  shown  in  figure  80,C. 

12-43,  Superturnstile  antenna.  As  previously 
mentioned,  the  superturnstile  antenna,  shown  in 
figure  79,  is  a  popular  VHF  transmitting  antenna. 
Its  radiating  elements  are  constructed  to  produce 
horizontal  polarization  of  the  radiated  signal. 
Since  the  radiating  elements  are  slots,  slot  radia- 
tion theory  is  the  fundamental  principle  involved 
in  the  operation  of  the  antenna  system.  Let  us 
consider  slot  theory  by  examinng  a  flat  sheet  of 
metal  in  which  a  narrow  slot  has  been  cut;  the 
slot  is  the  width  of  a  half-wave  dipole  and  is  a 
quarter-wavelength  long  (fig.  82,A).  The  radia- 
tion pattern  produced  by  the  antenna  (slot)  cut 
into  an  infinitely  large  metal  sheet  and  that  of 
the  complementary  dipole  antenna  are  the  same. 
However,  it  is  interesting  to  note  two  important 
differences  between  the  slot  antenna  and  its  com- 
plementary antenna.  First,  the  electric  and  mag- 
netic fields  are  interchanged.  In  the  case  of  the 
dipole  antenna  shown,  the  electric  lines  are  hori- 
zontal, while  the  magnetic  lines  form  loops  in 
the  vertical  plane.  With  the  slot  antenna,  the 
magnetic  lines  are  horizontal  and  the  electric 
lines  are  vertical.  These  electric  lines  are  built 
up  across  the  narrow  dimension  of  the  :ilot.  As 
a  result,  the  polarization  of  the  radiation  pro- 
duced by  a  liorizontial  slot  is  vertical,  whereas 
polarization  of  a  radiated  wave  produced  from  the 


76 


■J 


401 


Fiffurv  SO.    Turnstile  antenna  radiation  pattern. 


vertical  slot  is  the  same  as  that  produced  by  a 
horizontal  dipole.  The  plates  may  be  considered 
to  be  a  horizontal  dipole,  1/2  wavelength  wide 
and  1/4  wavelength  long,  being  fed  at  the  center. 
When  energy  is  applied  to  the  slot  antenna,  cur- 
rents spread  over  the  entire  sheet  and  flow  in  a 
direction  parallel  to  the  small  side  of  the  plates. 
Radiation  then  takes  place  from  both  sides  of  the 
metal  sheet  as  in  the  case  of  the  horizontal  dipole. 
Since  radiation  resistance  causes  the  magnitude 
of  the  current  to  decrease  rapidly  from  the  slot, 
the  plates  need  be  cut  only  1/4  wavelength  long. 
The  radiation  current  becomes  negligible  1/4 
wavelength  from  the  slot. 

1 2-44.  The  actual  form  in  which  the  elements 
are  generally  constructed  is  shown  in  figure  82,B. 
The  open  construction  shown  has  no  effect  on 
the  electrical  characteristics  of  the  antenna  but 
is  very  advantageous  in  reducing  wind  resistance. 
The  norizontal  conductors  are  made  smaller  at 
the  center  (giving  the  batwing  appearance)  to  m- 
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Fii^ure  S.^.    Stacked  turnstile  antennas. 


crease  the  current  at  the  top  and  bottom  in  rela- 
tion to  that  at  the  center  of  the  radiating  sur- 
face; thus,  horizontal  directivity  of  the  radiation 
pattern  is  increased.  At  the  same  time,  the  impe- 
dance characteristic  is  broadened,  making  it 
more  constant  over  a  wide  band  of  frequencies. 
Horizontal  coverage  of  the  serviced  area  is  in- 
creased bv  feeding  the  antenna  pairs  90°  apart 
in  phase.  The  90°  phase  difference  is  achieved 
by  feeding  one  group  of  antenna  elements  (E- 
VV  or  N-S)  with  a  transmission  line  1/4  wave- 
length longer  than  the  transmission  line  feeding 
the  opposite  group. 

12-45.  Traveling-wave  antenna.    The  trans- 
mitiina  antenna,  shown  in  figure  83,  also  uses 
the  slot  radiation  principle.  The  design  is  similar 
for  high-band  VHF  and  UHF  TV  transmission. 
The  name  "traveling-wave"  comes  from  the  way 
the  slots  in  the  antenna  are  fed.   Through  the 
travelins-wave  method  of  feeding  the  slots,  high 
antenna^  sain  is  obtained  without  using  a  large 
number  of  feeder  lines.    Because  the  physical 
size  of  the  slots  in  relation  to  wavelength  is  much 
smaller  at  the  higher  frequencies,  it  is  possible  to 
design  these  antennas  for  gains  of  9  to  60,  de- 
pending upon  the  frequency  of  operation.  An 
ERP  of  1  million  watts  may  be  achieved  in  UHF 
practice  with  an  r-f  carrier  of  25  kw  driving  a 
60-db  antenna.   The  maximum  radiated  power 
authorized  for  UHF  transmission  is  5  million 
watts. 

12-46.  The  radiating  elements  consist  of  a 
series  of  1/2-wavclength  slots,  four  to  a  layer, 
equally  spaced  at  90°  intervals  around  the  cir- 
cumference of  the  mast.  Additional  layers  of  slots 
may  be  added  at  1 -wavelength  distances,  meas- 
uring from  the  center  of  the  slots.  Each  layer 
of  slots  is  rotated  45°  with  respect  to  the  pre- 
ceding layer  to  achieve  the  necessary  horizontal 
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omnidirectioiu'l  radir^tion  pattern.  The  rumhcr 
of  laNcrs  oi  slo:s.  a.-*  in  ihc  case  of  M![»Lrl'..i;i- 
stilc  batwingj..  wili  victcrni;-- :  the  appio>.::;\i: ; 
gain  of  the  antenna  s>sicm. 

12-47.  A  copper  tube,  mounted  Lua\la!l\ 
within  the...steel  tube,  acts  mi  conjunctio-:  with 
the  steel  tube  as  the  center  eonduetor  of  :\  coaxial 
line.  Probes  mounted  inside  the  steel  tube  at  one 
side  of  the  center  of  each  slot  are  oriented  toward 
the  conductor  in  a  manner  that  will  cause  excita- 
tion of  the  slots.  The  travehnu-wave  meihod  of 
feeding  the  slots  is  accomph.shed  by  capacitively 
feeding  the  r-f  energy  from  the  center  conductor 
to  the  slots  by  way  of  the  probes.  The  excitation 
from  the  slots  forms  the  radiated  signal  pattern 
necessary  to  service  a  given  area.  Broadband 
requirements  are  met  by  placing  additional  probes 
between  each  layer  of  slots. 

12-48.  Helical  antenna.  Another  specially- de- 
signed TV  transmitting  antenna  is  the  helical 
type,  consisting  of  a  coil  quite  similar  to  a  large- 
size  air-core  inductor.  It  can  be  made  to  have 
maximum  radiation  either  in  the  axial  direction 
or  in  a  direction  normal  (perpendicular)  to  the 
axis,  depending  upon  the  circumference  of  the 
helix  and  its  pitch.  If  the  helix  is  constructed 
so  that  the  length  of  one  turn  is  approximately 
1  wavelength  and  the  spacing  between  turns  ts 
approximately  1/4  wavelength  at  the  center  of 
the  operating  frequency  band,  the  radiation  pat- 
tern will  be  like  that  shown  in  figure  84, A.  A 
radiation  pattern  in  the  normal  mode,  like  that 
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shown  in  figure  •^4.^.  occurs  if  the  helix  dimen- 
s:<>ns  iire  smail  in  comparison  with  a  wavelength. 

•  2-49.  Helical  antennas  arc  genera*ll\  used 
on  the  high  \'Hh  band  and  L'f-lF^hannels.  The 
\'in*  helical  antenna  in  its  pv)pular  form  is  es- 
M'ntially  a  coil  of  uniform  pitcb.  wouml  around 
a  citcuhir  mast  hcction  of  uniform  outside  diam- 
eter. .A  typical  VHK  helical  antenna  is  shown 
in  figure  85. 

12-50.  When  excited  \\i\h  r-f  energy,  a  vsave 
is  established  which  travels  between  the  hcli.x 
wire  and  the  ground  plane  formed  by  tiie  mast 
The  wave  travels  around  the  eircumference  of  the 
mast,  and,  because  of  the  pitch  of  the  helix, 
progresses  up  or  down  the  axis  of  tlie  helix. 
This  causes  the  entire  length  of  the  helix  to  serve 
both  as  a  radiator  and  as  a  feeder  for  successive 
portions  of  the  antenna.  The  radiated  beam  is 
maximum  at  right  angles  to  the  helix  a.xis.  Suc- 
cessive turns  of  the  helix  work  together  to  pro- 
duce side-firing  fields  that  form  the  radiated 
beam.  Because  of  structural  considerations,  a 
2-wavelength  turn  is  most  commonly  used.  Helical 
antennas  for  channels  7  to  13  are  built  in  a  stand- 
ard series  having  gains  of  4  lo  25.  depending 
upon  the  number  of  bays  used.  A  one-bay  an- 
tenna can  be  used  with  transmitter  powers  up  to 
100  kw. 

12-51  Color  Television  .Antenna  Require- 
ments. The  requirements  of  an  antenna  for  color 
reception  are  quite  similar  to  those  for  black 
and  white  reception,    in  general,  an  antenna 
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which  delivers  a  clear  sharp  picture,  free  of  inter- 
ference, reflections,  and  noise  on  black  and 
white,  will  provide  an  excellent  color  picture. 
Almost  all  standard  designs  of  broadband  an- 
tennas have  more  than  adequate  bandwidth  if 
properly  installed.  However,  a  narrowband  an- 
tenna, such  as  the  Yagi.  will  have  sharp  dips  in 
the  response  curve  at  certain  frequencies  which 
will  alter  color  reception  on  the  channel  involved. 

12-52.  The  directivity  requirement  is  the 
same  for  color  as  for  black  and  white  reception. 
The  narrow  beamwidth  is  required  as  an  aid  m 
discriminating  against  reflections.  Reflections 
cause  hues  and  shades  to  vary  in  the  color  pic- 
ture, and  may  also  cause  partial  or  complete  can- 
cellation of  the  color  subcarrier  ''burst"  if  the 
reflected  path  is  an  odd  multiple  of  a  half-wave- 
length at  the  transmitted  subcarrier  frequency. 
Good  directivity  can  reduce  interference  pickup. 

AXIAL  MODE 
OF 

RADIATION 


Figure  84.    Helical  antenna  showinti  effect  of  pitch  and 
diameter  on  direction  of  maximum  radiation, 

12-  53.  The  giain  and  impedance  matching  re- 
quirements are  also  the  same  as  those  for  black 
and  white.  Sufficient  gain  to  produce  a  noise- 
free  picture  as  required  and  the  impedance  must 
be  matched  between  the  transmission  line  and 
the  receiver. 

13.  VHF  TV  Receivers 

13-  1.  Since  VHF  TV  receiver  circuits  are  like 
those  you  find  in  other  kinds  of  high-frequency 
equipment,  you  can  apply  much  that  you  already 
know  to  this  subject.  For  example,  you  already 
know  about  amplification  and  detection  of  AM 
and  FM  signals.  Your  study  of  TV  transmission 
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pr-nciplos  sr:0\vcd  >ou  thai  ihc  composite  video 
sitznul  ampliluuc  niodulaics  tiic  TV  irvAiisniiiicr 
output.  -Iso.  you  learned  how  the  sound  infor- 
mation frrqucncy-modulates  the  separate  sound 
transmitter  output.  Considering  the  different  com- 
ponents that  make  up  the  composite  video  signail 
unci  :he  fact  that  amplification  and  detection  of 
both  video  and  souncf  information  must  be  done 
simuhanegusly.  you  can  easily  see  that  the  TV 
receiver  is  more  complex  than  a  radio  receiver. 

13-2.  Seclions.  The  TV  receiver  consists  of 
ten  distinctive  sections,  as  shown  in  figure  86. 
These  sections  are  the  r-f,  i-f,  video,  sync  sepa- 
rator, vertical  sweep,  horizontal  sweep,  high  volt- 
age, low  voltage,  automatic  gain  control  (age), 
and  audio.  The  antenna  picks  up  the  video  and 
sound  signals  and  applies  them  to  the  r-f  section. 
Since  the  combined  signals  have  a  bandwidth  of 
6  MHz,  the  r-f  section  and  antenna  must  deliver 
a  linear  response  to  the  wide  band  of  frequen- 
cies. 

13-3.  The  composite  signal  is  applied  to  a 
mi.xer  stage  where  it  is  combined  with  a  signal 
from  the  high-frequency  oscillator.  The  resultant 
signal  conversion  will  produce  the  desired  inter- 
mediate frequency  (i-f)  signals.  From  this  point 
the  path  of  the  signal  will  differ,  depending  on 
whether  the  receiver  is  of  the  conventional  or 
intercarrier  type. 

13-4.  In  the  conventional  receiver  the  video 
and  sound  signals  are  separated  after  the  mixer 
stage  and  are  fed  to  their  respective  i-f  amplifiers. 
The  sound  signal  goes  to  an  FM  detector,  com- 
monly known  as  a  discriminator.  The  video  sig- 
nal goes  to  an  AM  detector,  the  output  of  which 
is  amplified  by  the  video  amplifier  stage  and 
then  sent  to  the  picture  tube. 

13-5.  In  the  intercarrier  receiver  the  video 
and  sound  signals  are  separated  after  passing 
through  a  common  i-f  amplifier  system.  A  sound 
i-f  of  4.5  MHz  is  taken  off  at  some  point  past 
the  video  detector,  then  coupled  through  a  band- 
pass fiher  network  to  the  input  of  the  sound  i-f 
or  FM  detector. 

13-6.  The  video  signal  consists  of  the  picture 
signal  with  blanking  pulses  and  synchronizing 
(sync)  signals.  (You  should  be  familiar  with 
these  signals  from  your  study  of  TV  monitors  in 
Volume  I.  Chapter  5,  of  this  course.) 

13-7.  Tuner  section.  The  r-f  section  (tuner) 
has  several  important  functions  to  perform.  This 
section  must  select  the  desired  TV  channel,  con- 
sisting of  the  sound  and  video  carriers.  It  must 
convert  these  signals  to  an  i-f  signiil  for  amplifica- 
tion. In  most  receivers  an  r-f  stage  is  used  to 
increase  amplification  of  the  signal  before  it 
reaches  the  mixer.  The  r-f  amplifier  acts  as  a 
buffer  between  the  oscillator  and  antenna  and 


prevents  the  retransmitting  of  extraneous  signals. 
This  type  of  extraneous  retransmission  can.  of 
course,  cause  interference  to  other  local  TV  re- 
ceivers. 

13-8.  The  r-f  section  must  be  of  wideband 
design  if  it  is  to  provide  linear  response  over  a 
6-MHz  range.  Since  the  circuits  must  be  wide- 
band, the  efficiency  will  be  low.  and  the  proper 
choice  of  parts  and  values  is  essential  if  we  are 
to  have  satisfactory  results.  The  layout  of  the 
chassis  and  components,  the  inductance  and 
capacity  of  leads,  plus  the  interelectrode  capaci- 
tance of  tubes  become  important  factors  in  wide- 
band circuits.  The  use  of  miniature  tubes,  care- 
fully positioned  parts,  and  all  leads  as  short  and 
direct  as  possible  satisfy  the  wideband  circuit 
requirements  to  some  extent. 

13-9.  The  r-f  tuners  have  band  switching  cir- 
cuits which  are  used  for  channel  selection.  Al- 
though there  are  many  methods  of  band  switch- 
ing, the  turret  type  and  various  switch  types  are 
the  most  popular.  The  r-f  tuner  is  controlled  by 
the  channel  selector  switch.  As  we  turn  the  chan- 
nel selector  switch,  we  select  the  proper  tuned 
circuits,  r-f  mixer,  and  local  oscillator  for  each 


individual  channel.  In  addition,  we  also  have  a 
fine  tuning  control  in  the  r-f  section.  This  con- 
trol varies  the  local  oscillator  frequency  for  proper 
centering  of  the  video  and  sound  signals  in  the 
i-f.  bandpass. 

13-10.  /-/  section.  The  i-f  output  of  the  mixer 
stage  will  be  increased  in  amplitude  by  several 
stages  of  amplification.  The  i-f  frequency  may 
be  anywhere  from  19  MHz  in  some  models  to 
45  MHz  in  others.  The  sensitivity  and  selectivity 
of  the  TV  receiver  are  determined  mainly  by  the 
number  of  stages  of  amplification.  Once  again, 
as  in  the  case  of  the  r-f  section,  the  i-f  amplifiers 
must  have  wideband  characteristics.  The  i-f  re- 
sponse must  be  flat  over  at  least  a  3-MHz  range 
and  should  be  flat  over  a  4-MHz  range.  Al- 
though there  is  a  sacrifice  of  gain  for  the  wide- 
band requirement,  three  to  five  stages  of  i-f  am- 
plification will  produce  the  necessary  gain. 

13-11.  Video  and  sound  separation  is  accom- 
plished with  resonant  circuits  in  the  output  of 
the  mixer  or  in  one  of  the  earlier  i-f  stages  in 
the  conventional  receiver,  In  the  intercarrier  re- 
ceiver, the  video  and  sound  separation  is  ac- 
complished in  the  video  detector  or  video  ampli- 


-4 


AUDIO  SEC 


Auoro 

IF 

PM 

AUOlO  E 
AUP 

AUOlO 
PA 

-< 

OET 

'conventional  RECEIVEt 
I^SOUNO  SEPARATION 


RF  SEC 


ACC 


ACC 

.g. 


k  <k  IF  SEC  I  ^      VIDEO  I 


ACC 
.g. 


AGC  SEC 


SYNC  SEP  SEC 


jNTErtCARRlER  RECEIVE!? 
SOUNO  SEPARATION 


VIDEO  SEC 


|u)W-E  SECj  IP 


(YNC 

StNC 

SEP 

AMP 

1 1 

!lr  , 


VERT  SWEEP  SEC 


tO»-€ 
RECT 


1 
I 

L.^  1 


INTECRATOR 


VERT 

05C 

OUTPUT 

HORIZONTAL  SWEEP  SEC 


HORtZ 
AFC 


HORIZ 
OSC 


HORIZ 
OUTPUT 


n  r 
I  I 


Hl-E 
RECT 


Hl-E  SEC 


I  - 


□AUPER 
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ficr  stage.  In  the  latter  case,  the  videu  and 
sound  i-f  carriers  arc  amplified  together  throucn 
the  i-f  section.  Automatic  ;j:ain  control  (a*jc  » 
applied  to  all  the  i-f  amplifiers  except  the  last 
(normally).  Also,  age  is  applied  to  the  r-f  ainpH- 
fiers  to  control  variations  in  signal  strength. 

13-12.  Transistor  r-f  and  i-f  amplifiers  have 
to  take  into  consideration  the  internal  capaci- 
tances of  transistors  which  provide  feedback 
paths  for  high  frequencies.  For  this  reason,  there 
are  certain  features  peculiar  to  transistor  r-f  and 
i-f  amplifier  configurations  which  must  be  consid- 
ered. The  common-emitter  (CE)  amplifier  offers 
the  highest  power  gain,  better  than  10  db  above 
the  common-base  (CB)  type.  The  CB  amplifier 
cannot  be  discounted  because  its  power  gain  is 
substantial  and  often  adequate.  Because  power 
gain  is  usually  a  major  requirement  for  high- 
frequency  applications,  the  relative  low-power 
gain  of  the  common-collector  (CC)  amplifier 
detracts  greatly  from  its  usefulness.  Since  the 
CE  amplifier  has  more  feedback  than  the  CB 
amplifier,  the  CB  amplifier  is  preferred  where 
stability,  accurately  controlled  gain,  and  inter- 
changeability  are  required. 

13-13.  All  things  considered,  the  CE  config- 
uration is  generally  selected  for  r-f  and  i-f  am- 
plifiers. The  CB  configuration  is  used  when  feed- 
back must  be  kept  to  an  absolute  minimum. 

13-14.  Mixer  section,  A  schematic  diagram 
of  a  mixer  stage  with  typical  component  arrange- 
ment is  shown  in  figure  87.  The  r-f  injected  into 
the  base  circuit  and  the  oscillator  frequency  in- 
jected into  the  emitter  circuit  are  heterodyned  in 
mixer  Ql.  The  intermediate  frequency  is  se- 
lected by  the  collector  tank  circuit.  The  inter- 


rnci-;2te  frcqucnc;.  is  then  coupled  ihrouuh  trans- 
fornur  T3  tu  the  foliowmg  stajze.  As  vou  can 
sec.  this  IS  a  relatively  simple  circuit  compared 
to  J  tube  stage. 

13-15.  Converter  seait^n.  The  convener  stage 
diagram  is  shown  in  figure  88.  TJie  r-f  signal 
injected  into  the  base  circuit  and  the  oscilluTor 
frequency  generated  by  converter  01  arc  hetero- 
dyned in  the  converter.  The  parallel-resonant 
circuit,  consisting  of  capacitor  C3  and  ihe  pri- 
mary of  transformer  T3,  selected  the  desired  i-f 
frequency.  The  i-f  is  then  coupled  through  trans- 
former T3  to  the  following  stage. 

13-16.  Capacitor  CI  and  the  pri'nary  of  trans- 
former Tl  form  a  parallel-resonant  circuit  for 
the  r-f  which  is  coupled  through  the  transformer 
to  the  base  circuit  of  converter  01.  Resistor  R! 
develops  the  emitter-base  bias,  and  resistor  R3 
is  a  voltage  dropping  resistor.  Resistor  R2  is  the 
emitter  swamping  resistor,  and  capacitor  C4  is  a 
bypass  for  the  r-f.  Capacitor  C2  and  the  primary 
of  transformer  T2  provide  the  required  feedback 
for  the  oscillator  portion  of  converter  Ql.  Capaci- 
tor C3  and  the  primary  of  transformer  T3  form 
a  parallel-resonant  circuit  for  the  i-f  which  is 
coupled  through  the  transformer  to  the  following 
stage.  The  primaries  of  transformers  T2  and  T3 
are  lapped  to  obtain  the  desired  selectivity. 

13-17.  Oscillator  section.  Illustrated  in  figure 
89  are  basic  circuits  which  show  component 
arrangements  and  polarity  applications  for  p-n-p 
type  transistor  oscillators.  N-p-n  type  transistors 
may  be  substituted  in  any  of  the  circuits  as  long 
as  the  d-c  polarities  are  reversed.  Each  circuit 
provides  amplification,  regenerative  feedback, 
and  inductancc-capaciiaiice  tuning.    Exact  bias 
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Fif(ure  91.    hf  amplifier  and  discriminator. 
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a.id  siabilizalion  arrangements  are  not  illusiraied. 
However,  the  relative  transistor  d-c  potentials  re- 
quired for  normal  functioning  of  the  oscillator 
arc  showrt. 

13-18.  The  circuits  in  parts  A  and  B  of  figure 
89  are  similar.  In  both  cases  feedback  is  coupled 
from  the  collector  to  the  base  by  a  transformer 
(tickler  coil).  The  circuit  in  B  is  a  shunt-fed 
version  of  the  circuit  in  A.  Since  the  feedback 
signal  is  from  collector  to  base  in  each  case,  the 
nccessarv  feedback  signal  phase  inversion  is  ac- 
complished by  the  transformer  which,  when  prop- 
erly connected,  provides  a  180^  phase  shift. 

13-19.  The  circuits  in  parts  C  and  D  are  also 
ticklcr-coil  oscillators.  In  C,  regenerative  feed- 
back with  zero  phase  shift  is  obtained  in  the 
tuned  collector-to-emitter  circuit  by  the  proper 
connection  of  the  transformer.  In  D,  since  the 
feedback  is  from  collector  to  base,  a  180^  phase 
shift  is  required.  The  signal  in  the  untuned  col- 
lector winding  is  coupled  and  inverted  in  phase 
to  the  tuned  base  winding. 

1 3-20.  The  circuits  in  parts  E  and  F  are  tran- 
sistorized versions  of  the  Colpitts  type  electron 
tube  oscillator.  In  E,  the  signal  from  the  tuned 
collector  is  coupled  to  the  emitter  in  phase.  In  F, 
the  signal  from  the  tuned  collector  is  coupled  to 
the  base  180*  out  of  phase. 

13-21.  The  circuits  in  parts  G  and  H  are 
similar  to  those  in  E  and  F  except  that  a  split 
inductance  is  used  to  provide  the  necessary  feed- 
back in  place  of  the  split  capacitance.  These  are 
transistorized  versions  of  the  Hartley  type  elec- 
tron tube  oscillator.  In  each  of  these  circuits, 
the  collector  is  tuned.  Since  each  coil  functions 
as  an  autotransformer.  feedback  in  proper  phase 
is  accomplished  by  induction.  In  G.  the  feedback 


signal  is  coupled  from  collector  to  emitter  with 
no  phase  shift.  In  H,  the  feedback  signal  is 
coupled  from  collector  to  base  with  a  180® 
phase  shift. 

13-22.  AM  detector  section.  The  circuits 
shown  in  figure  90  select,  rectify,  and  filter, 
thereby  detecting  the  amplitude  variations  of  a 
specific  AM  signal;  in  TV  the  video  signal  is 
AM.  The  selectivity  is,  of  course,  accomplished 
by  the  tuned  tank  circuit.  The  tank  is  made 
resonant  to  the  desired  center  frequency,  and 
it  is  designed  to  have  a  Q  that  allows  the  desired 
sideband  frequencies  to  be  accepted.  The  semi- 
conductor diode  rectifies  the  accepted  signal. 
A  p-n  junction  diode  is  commonly  used,  but  a 
point  contact  diode  can  be  used  for  low  current 
applications.  The  diode  may  be  placed  in  series 
with  an  RC  filter  (fig.  90,A)  or  in  parallel  with 
an  RL  filter  (fig.  90,B).  The  latter  arrangement 
is  more  suitable  for  a  current-driven,  low  input 
impedance  device  such  as  a  transistor.  This  does 
not  mean,  however,  that  the  circuit  shown  in 
figure  90,A,  is  not  also  designed  for  transistor 
inputs. 

13-23.  Diode  detectors  are  simple  and  will 
handle  relatively  large  signals.  They  give  high- 
fidelity  detection  for  signals  of  sufficient  ampli- 
tude. For  small  signals  (less  than  about  1  volt), 
square-law  detection  occurs;  some  detectors  are 
designed  to  take  advantage  of  this  type  of  detec- 
tion. 

13-24.  Two  drawbacks  of  diode  detectors  are: 
(1)  they  provide  no  power  gain,  and  (2)  selec- 
tivity is  affected  by  loading.  Since  a  rectifying 
diode  is  not  an  amplifying  device,  we  know  there 
can  be  no  power  gain  realized.  Loading  affects 
selectivity  because  the  input  tank  "sees"  the  load. 
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Consequently,  the  0  of  the  lank  is  lowered  when 
the  load  increases  and  increased  when  tl^-  load 
decreases. 

13-25.  FM  dereaor  section.  Since  v.e  refer  to 
demodulation  in  an  FM  receiver  cf  the  ircoiainii 
audio  carrier  signal  as  detection,  in  TV  FM  de- 
tection is  also  necessary  in  addilon  to  AM  detec- 
tion. Figure  91  shows  a  transistorized  version  of 
an  i-f  stage  and  a  discriminator,  a  circuit  used 
for  detecting  FM  signals.  Amplifier  Ql  ampli- 
fies the  i-f  signal  applied  to  the  discriminator. 
Resistor  Rl  is  the  emitter  swamping  resistor,  and 
capacitor  CI  is  an  i-f  bypass.  Capacitor  C2  and 
the  primary  of  transformer  Tl  form  a  parallel- 
resonant  circuit  for  the  i-f  signal  which  is  coupled 
through  the  transformer  to  the  discriminator.  Ca- 
pacitor C3  couples  the  i-f  signal  to  the  secondary 
of  transformer  Tl  for  pha^se  shift  comparison. 
The  i-f  signal,  coupled  across  capacitor  C3,  is 
developed  across  coil  LI.  Capacitor  C4  and  the 
secondary  of  transformer  Tl  form  a  resonant  cir- 
cuit for  the  i-f  signal  coupled  through  the  trans- 
former. The  top  half  of  transformer  Tl  second- 
ary, diode  CRl,  coil  LI,  load  resisior  R2>  and 
filter  capacitor  C5  form  one  half  of  the  compari- 
son network.  The  bottom  half  of  transformer 
Tl  secondary,  diode  CR2,  coil  Ll,  load  resistor 
R3,  and  filter  -capacitor  C6  form  the  second  half 


ot  the  comparison  network.  1  he  audio  output  of 
tht*  discriminator  circuit  is  taken  from  ^he  top  of 
capacitor  C5  and  the  bottom  of  capacitor  C6. 
The  audio  output  coupled  through  capacitor 
C7  lo  the  primary  of  transformer  J2.  The  audio 
signal,  coupled  through  transformer  T2.  is  appied 
to  the  following  stage. 

13-26.  The  slope  detector  is  also  used  to  de- 
tect FM  signals  by  converting  the  frequency 
changes  of  a  carrier  signal  into  amplitude  chan- 
ges. The  amplitude  changes  can  then  be  detectec 
by  an  AM  transistor  detector.  The  input  and  out- 
put waveforms  of  a  slope  detector  and  an  AM 
diode  detector  are  shown  in  figure  92.  The  i-f 
signal  with  frequency  deviations  is  applied  to 
slope  detector  Ql.  The  output  of  slope  detector 
01,  the  i-f  signal  with  amplitude  and  frequency 
deviations,  is  applied  to  diode  detector  CRl.  The 
resultant  output  is  an  audio  signal  which  is  equiv- 
alent to  the  frequency  deviations  of  the  i-f  in- 
put signal. 

13-27.  The  i-f  signal  coupled  through  trans- 
former Tl  is  applied  to  the  base  circuit.  The 
resonant  circuit,  consisting  of  coil  Ll  and  capaci- 
tor C2  (tuned  slightly  off  the  carrier  frequency), 
develops  a  large  amount  of  i-f  signal  when  the 
frequency  deviation  is  near  the  resonant  fre- 
quency.  As  the  frequency  diviation  of  the  i-f 
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Figure  92.    Slope  deU  ctor  and  diode  di'h'cfor. 
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signal  becomes  lower  than  the  resonant  trcqucncy 
of  the  resonant  circuit,  a  smaller  amount  of  i-t 
signal  IS  developed.  A  large  amount  of  i-f  signal 
added  to  the  bias  voltage  developed  across  re- 
sistor R1  increases  the  emitter-base  bias  and  a 
small  amount  of  i-f  signal  decreases  the  emitter- 
base  bias.   The  emitter-base  bias  is  therefore  in- 
creasing and  decreasing  as  the  frequency  of  the 
i-f  signal  increases  and  decreases,  respectively. 
Since  the  bias  of  slope  detector  Ql  changes  at  the 
frequency  deviation  rate,  the  output  of  the  slope 
detector  is  an  i-f  signal  that  is  changing  in  ampli- 
tude and  frequency.  The  i-f  signal  applied  to 
diode  detector  CRl  is  rectified,  filtered  by  coil 
L2.  and  developed  across  resistor  R4.  The  out- 
put of  the  current  output  type  diode  detector  is 

an  audio  signal.  t  u  -r\/ 

13-28.  Maintenance.  Maintenance  of  the  iv 
receiver  consists  of  cleaning  and  tube  replace- 
ment (tube  type  equipment).  We  use  the  term 
"maintenance"  as  meaning  care  and  upkeep  of 
the  TV  receiver.  However,  we  can  extend  our 
meanine  to  include  the  repair  of  the  equipment, 
which  "immediately  leads  to  troubleshooting. 
Troubleshooting  a  TV  set  to  locate  defects  is 
done  by  a  systematic  step-by-step  analysis.  The 
logical  procedure  is  to: 

Locate  the  trouble  in  a  particular  circuit 
group  or  section. 

•  Isolate  the  stage  or  circuit  at  fault. 

•  Locate  the  faulty  component. 

13-29  To  be  technically  competent  in  servic- 
ing TV  receivers,  you  must  be  able  to  understand 
the  correct  function  and  operating  principle  of 
each  circuit.  Your  ability  to  analyze  and  rapidly 


diagnose  troubles  is  not  developed  merely  by 
studing  a  chapter  on  troubleshooting.  You  must 
realize"  that  success  in  troubleshooting  is  a  result 
of  understanding  the  principles  of  TV  receivers, 
keeping  informed  on  new  developments,  and 
learning  specific  methods  of  recognizing  faults. 

l3-3"o.  The  TV  receiver,  monochrome  or 
color,  can  be  used  to  localize  its  own  trouble.  You 
can  localize  the  trouble  to  one  section  of  the  re- 
ceiver if  you  analyze  the  visual  and  audio  indica- 
tion Test  equipment  plus  your  knowledge  of  TV 
principles  will  enable  you  to  isolate  the  fault  to  a 
particular  stage,  circuit,  or  component. 

13-31.  Color  TV  Receivers.   Color  TV  re- 
ceivers are  different  from  monochrome  receivers 
in  only  three  sections— color  synchronizing,  de- 
modulation  (chrominance),   and   matrix.  The 
luminance  channel  corresponds  to  the  video 
channel  section  of  the  black  and  white  receiver 
and  therefore  is  new  in  name  only.  It  should  be 
noted  that  all  sections  must  be  operated  under 
closer  tolerances  than  monochrome  receivers,  and 
the  technician  must  follow  correct  practices  when 
•  working  with  and  adjusting  color  receivers. 

13-32,  The  three  sections  just  mentioned  as 
being  different  in  the  color  receiver  were  dis- 
cussed in  Volume  1.  Chapter  7.  At  this  point, 
therefore,  you  should  review  the  referenced  sec- 
tion to  reinforce  your  understanding  of  mono- 
chrome and  color  receiver  differences.  The  color 
receiver  will  be  more  complex  due  to  the  addi- 
tional circuits  involved;  thus  the  maintenance  will 
be  restricted  to  precision  quality  workmanship.  . 
You  must  follow  the  same  logical  procedure  when 
troubleshooting  because  the  basic  principles  of 
operation  are  the  same. 
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CHAPTER  5 


UHF  Equipment 


BECAUSE  OF  co-channel  and  adjacent-chan- 
nel broadcasts,  the  limited  number,  of  VHF 
channels  available  created  a  problem.  Since  only 
VHF  channels  2  through  13  were  available,  more 
channels  were  needed.  This  need  led  to  the 
designation  of  the  UHF  broadcast  channels  14 
through  83.  In  this  chapter  a  comparison  of 
UHF  to  VHF  transmitters,  antennas,  and  receiv- 
ers will  be  given.  Also,  you  find  material  ex- 
plaining microwave  relay  applications  plus  the 
associated  transmitters,  antennas,  and  receivers 
used  to  accomplish  signal  relay. 

14.  Transmitters 

14-1.  The  transmitters  used  for  TV  broadcast 
and  TV  relay  are  of  many  designs  and  sizes.  The 
frequency  range,  the  intended  operating  charac- 
teristics, and  the  manufacturing  techniques  in  use 
at  the  time  of  design  will  determine  many  of  the 
physical  and  electrical  characteristics  of  the  final 
product.  Within  all  of  these  variables,  there  are 
certain  principles  which  will  appear  in  each  trans- 
mitter no  matter  how  different  the  techniques , 
employed  to  obtain  them.  The  transmitter  con- 
sists basically  of  an  oscillator,  a  modulator,  and 
an  r-f  amplifier;  it  also  contains  such  additional 
refinements  as  frequency  multipliers  and  auto- 
matic frequency  control. 

14-2.  Characteristics.  Many  similar  character- 
istics are  found  in  VHF  equipment  which  oper- 
ates in  the  54-MHz  to  216-MHz  frequency 
range  and  UHF  equipment  which  operates  in  the 
470-MHz  to  890-MHz  range.  You  will  also  find 
that  the  same  characteristics  are  included  in  mic- 
rowave relay  equipment.  Like  VHF.  UHF  radio 
waves  are  propagated  through  the  atmosphere 
and  are  not  effectively  returned  to  the  surface  of 
the  earth  at  usable  receiving  levels.  This  limits 
the  effective  range  of  TV  communication  to 
points  on  the  surface  of  the  earth  not  far  beyond 
the  optical  horizon  as  seen  from  the  transmitting 
antenna. 

14-3.  As  the  frequency  is  increased  through 
the  VHF/UHF  range,  the  radio  waves  become 


shorter  in  physical  length  and  are  comparable  in 
size  to  the  component  parts  of  the  equipment. 
This  tells  us  that  much  consideration  must  be 
given  to  circuit  design  and  component  selection. 
You  will  recall  that  the  formula  for  computing 
wavelength  is: 


Wavclenpth  = 


velocity 
frequency 


With  this  formula  and  a  knowledge  of  the  fre- 
quencies used,  we  can  compute  some  component 
dimensions.  The  VHF  broadcast  frequencies 
were  listed  in  the  previous  chapter;  therefore,  to 
complete  your  knowledge  of  the  broadcast  fre- 
quencies used,  the  UHF  channels  and  respective 
frequencies  are  listed  as  follows: 


Channel  No. 

Frequency  IMnits  (MHz) 

14 

470-^76 

15 

476-482 

16 

482-488 

17 

488-^94 

18 

494-500 

19 

500-506 

20 

506-512 

21 

512-518 

22 

518-524 

23 

524-530 

24 

530-536 

25 

536-542 

26 

542-548 

27 

548-554 

28 

554-560 

29 

560-566 

30 

566-572 

31 

572-578 

32 

578-584 

33 

584-590 

34 

590-596 

35 

596-602 

36 

602-608 

37 

608-614 

38 

614-620 

39 

620-626 

40 

626-632 

41 

632-638 

42 

638-644 

43 

644-650 

44 

650-656 
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Channi'i  No. 

45 
46 
47 
48 
49 
50 
51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

6! 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

BO 

81 

82 

83 


frequency  Limits  i\tHz) 

656-662 

662-668 

668-674 

674-680 

680-686 

686-692 

692-698 

698-704 

704-710 

710-716 

716-721 

722-728 

728-734 

734-740 

740-746 

746-752 

752-758 

758-764 

764-770 

770-776 

776-782 

782-788 

788-794 

794-800 

800-806 

806-812 

812-818 

818-824 

824-830 

830-836 

836-842 

842-848 

848-854 

854-860 

860-866 

866-872 

872-878 

878-884 

884-890 


14-4.  Remember  also  that  we  will  be  using 
additional  bands  of  frequencies  for  microwave  re- 
lay purposes.  For  commercial  TV  relay  use, 
there  are  three  bands  for  video  use  and  one  addi- 
tional band  for  audio  relay.  The  three  video 
bands  are  : 


1990  MHz  to  2110  MHz 
6925  MHz  to  7050  MHz 
13.025  MHz  to  13,200  MHz 


(2000-MHz  band) 
(7000-MHz  band) 
(13,000-MHz  band) 


The  additional  audio  carrier  band  is  890.5  MHz 
to  910  5  MHz  (900.MHZ  band).  This  audio 
carrier  band  is  not  as  widely  used  as  are  land- 
lines.  Otherwise,  multiplexing  equipment  is  used 
and  the  audio  is  carried  with  the  video  in  the 
primary  frequency  band.  When  these  bands 
arc  used  for  TV,  it  i$  only  necessary  to  use  a  6- 
MHz  channel  to  carry  both  the  video  and  audio 

sienals.  ... 

^4-5.  Comparisons.  The  UHF  transmitter  will 
have  the  same  basic  oscillator,  multiplier,  and 
amplifier  circuits  at  the  lower  frequency  levels  as 
the  VHF  transmitter.  The  differences  in  compo- 
nent sizes  and  arrangements  of  UHF  and  VHF 


become  evident  at  the  higher  frequency  power 
levels.  To  help  you  understand  the  operational 
characteristics,  complexity,  and  components  used, 
we  will  study  representative  power  amplifiers. 

14-6.  VHF  power  amplifier.  A  modern  r-f 
power  amplifier  designed  for  operation  in  the  54- 
MHz  to  216-MHz  frequency  range  is  shown  in 
figure  93.  Although  this  amplifier  uses  a  type 
4X1 50 A  (see  fig.  94)  coaxial  tetrode  tube,  the 
remainder  of  the  circuit  is  made  up  of  conven- 
tional lumped-property  components.  Referring 
to  the  left  portion  of  figure  93,  we  see  that  the 
signal  to  be  amplified  is  applied  to  the  grid 
through  inductor  L5  which  matches  the  input  im- 
pedance to  the  grid-circuit  impedance.  Capacitor 
C17,  resistor  Rl,  and  inductor  L6  from  a  loading 
circuit  for  the  grid  with  amount  of  resistive  load- 
ing being  determined  by  the  setting  of  variable 
capacitor  C17.  Inductor  L6  balances  the  stray 
capacitance  of  resistor  Rl.  The  tube  is  biased 
for  class  C  operation  by  the  voltage  drop  across 
oathode  resistor  R6  (lower  center  of  fig-  93)  and 
by  the  voltage  drop  caused  by  the  grid  current 
flowing  through  inductors  L5  and  L3  and  resis- 
tors R3  and  R2  when  the  grid  is  driven  positive 
by  the  incoming  r-f  signal.  Capacitors  CI  and 
C2  serve  as  r-f  bypasses  for  resistors  R3  and  R2. 
The  voltage  developed  across  R2  is  applied  to  the 
grid  meter.  The  meter  reading  is  an  indication  of 
the  amount  of  signal  applied  to  the  control  grid. 

14-7.  The  cathode  current,  which  is  the  com- 
bined plate  and  screen-grid  current,  flows 
through  bias  resistor  R6  which  is  bypassed  for 
r-f  currents.  Resistors  R5  and  R7  form  a  voltage- 
divider  network  for  the  cathode  meter. 

14-8.  The  screen-grid  potential  for  this  stage 
can  be  adjusted  by  changing  the  setting  of  resistor 
R12  (extreme  right,  fig.  93).  Adjustable  screen- 
grid  voltage  is  a  refinement  which  is  not  found 
in  all  r-f  amplifier  stages.  The  exact  screen  po- 
tential must  be  determined  from  the  operating 
instructions  for  the  stage.  Resistor  R8  and  capac- 
itors C9  and  CI 6  form  a  decoupling  network  to 
prevent  any  r-f  signal  from  entering  the  power 
supply. 

14-9.  The  amplified  signal  voltage  appearing 
at  the  plate  of  the  tube  is  developed  across  a  pi- 
....^cjiQP  network  consisting  of  inductor  LI,  capa- 
^Htbr  C13,  and  capacitor  C14  (upper  center,  fig. 
93).    The  circuit  is  tuned  to  resonance  by 
adjusting  C13  and  LI.  The  amount  of  r-f  signal 
coupled  to  the  antenna  through  capacitor  CI  5 
(upper  right,  fig.  93)  is  controlled  by  the  adjust- 
ment of  capacitor  CI 4.  Inductor  L2,  resistors 
R9  and  RIO,  and  capacitors  CIO  and  C12  form 
an  r-f  decoupling  network  to  prevent  any  of  the 
r-f  signal  from  entering  the  750-volt  power  sup- 
ply. 
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Figure  93.    VHF  power  amplifier  circuit. 


14-10.  UHF  power  amplifier,  A  coaxial  cav- 
ity type  r-f  power  amplifier  designed  for  opera- 
tion in  the  470-MHz  to  890-MHz  range  is  shown 
in  figure  95.  Not  shown  in  this  drawing  is  the 


mechanical  linkage  used  to  adjust  the  tuning  of 
the  cavities. 

14-11.  This  amplifier  is  an  excellent  example 
of  the  use  of  distributed  properties  in  an  operat- 
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Figure  94.    Coaxial  tetrodes. 
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Ffeiire  95.    Cutaway  view  of  coaxial  cavity  type  UHF  amplifier. 
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Figure  96.    VHF  power  amplifier  circuit. 


ing  circuit.  Plate  coupling  capacitor  CI  3  (ex- 
treme lower  right,  fig.  95),  screen-grid  decou- 
pling capacitor  C14,  and  grid  decoupling  capaci- 
tor C23  are  all  distributed-property  capacitances. 
The  capacitance  in  each  case  is  formed  by  the 
metal  ring  connected  to  that  tube  element,  the 
supporting  dielectric,  and  the  wall  of  the  cavity 
supporting  the  dielectric.  The  insulating  mate- 
rial, besides  serving  as  the  dielectric  of  the  re- 
spective capacitors  and  as  part  of  the  tube 
support,  prevents  the  high  voltage  on  the  plate 
and  screen-grid  elements  from  being  shorted  to 
ground  because  the  cavity  structure  is  at  d-c 
ground  potential. 

14-12.  There  are  four  coaxial  cavities  in  this 
amplifier.  Grid  cavity  Z4  is  formed  by  rod  M 
and  the  inner  surface  of  cyclinder  N.  Input  cav- 
ity Z5  is  formed  by  the  smaller  branch  of  rod  M 
and  the  associated  cavity  walls.  Tuning  cavity 
Z6  is  formed  by  the  larger  branch  of  rod  M  and 
the  surrounding  cavity  walls  and  is  tuned  by 
plunger  PI  (extreme  left.  fig.  95).  Plate  cavity 
Z3  (lower  portion  of  fig.  95)  is  formed  by  the 
outer  surface  of  middle  cylinder  O,  tuning 
plunger  P2,  and  outer  cychnder  R. 

14-13.  The  amplifier  input  circuit  consists  of 
three  coaxial  cavities  of  a  different  characteris- 
tic  impedance;  in  the  upper  left  portion  of  figure 
96,  we  see  these  cavities  represented  as  L9,  LI 2, 
and  the  combination  of  L16  and  stray  capaci- 
tance C32.  Coaxial  line  Z5  is  short  circuited  at 
one  end  and  the  input  power  is  fed  into  a  tap 
on  this  line.  Line  Z6,  consisting  of  inductance 
LI 2  in  series  with  grid  capacitor  CI 9,  tunes  the 
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input  to  the  operating  frequency.  These  two  lines 
are  joined  in  parallel  to  the  cathode-grid  struc- 
ture of  the  coaxial  tetrode  by  means  of  Z4  (LI 6 
and  C32).  This  circuit  may  be  looked  upon  as 
a  three-quarter  waveline  in  which  variable  capa- 
citance loading  (CI 9)  has  been  added  so  as  to 
reduce  the  physical  length  of  the  line.  One  end 
of  line  Z5  is  at  r-f  ground  and  is  connected 
through  bypass  capacitors  CI  6  and  C23  to  the 
control  grid  and  through  capacitor  CI4  (middle 
portion  of  fig.  96)  to  the  screen  grid;  thus,  the 
control  and  screen  grids  are  held  at  r-f  ground 
potential  and  the  circuit  functions  as  a  grounded- 
grid  amplifier.  The  other  end  of  input  line  Z5  is 
connected  through  line  Z4  to  the  cathode  and 
causes  the  cathode  voltage  to  vary  at  an  r-f  rate 
with  respect  to  the  grid.  When  the  grid  voltage 
decreases,    capacitor   C23    discharges  slightly 
through  a  length  of  wire,  represented  as  LI 4,  and 
through  resistors  R13,  R22,  and  R14.  The  r-f 
plate  current  is  coupled  to  plate  cavity  Z3  (ex- 
treme right,  fig.  96)  through  blocking  capacitor 
C13.  Cavity  Z3  (inductance  LI  I  and  capacitor 
C31 )  is  tuned  to  the  same  frequency  as  the  input 
circuit  by  means  of  shorting  plunger  P2  which 
changes  the  physical  length  of  the  cavity  to  corres- 
pond  to  one-quarter  wavelength  at  the  operating 
frequency.    The  voltage  across  cavity  Z3  is 
coupled  to  the  output  circuit  through  capacitor 
C25. 

14-14.  The  d-c  cathode  circuit  is  formed  by 
LI 6,  L9,  and  LIO.  The  r-f  energy  is  contained 
on  the  top  side  of  LIO  (the  lead  inductance)  and 
is  thus  isolated  from  the  d-c  circuit.  Cathode 
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bias  is  developed  across  resistor  R15  (lower  left. 
fi«.  96)  which  is  bypassed  by  capacitor  C2..  t.a- 
pacitor  CI 6  prcvcrits  the  d-c  cathode  voltage 
from  being  shoried  to  ground  through  cavity 
Z3  A  voltage  divider,  consisting  of  resistors  R 1 0 
and  RI7.  is  connected  across  the  cathode  bias 
resistor.  The  voltage  across  resistor  R17  is  pro- 
portional to  the  total  tube  current  and  is  applied 
to  the  cathode  meter. 

U-15  When  the  cathode  becomes  more  nega- 
tive than  the  control  grid,  grid  current  nows  in 
pulses  which  are  smoothed  out  by  capacitor  C-3. 
The  average  d-c  grid  current  flows  through  a 
Icnath  of  wire,  represented  by  r-f  choke  LI 4.  and 
through  resistors  R13.  R22.  and  RU.  which  are 
bvpassed  by  capacitors  C20  and  C2I.  The  volt- 
age across  RU  is  roughly  proportional  to  the 
amount  of  drive  to  the  cathode  and  is  supplied  to 
the  grid  meter  whicl  .  rovides  an  indication  of 
the  amount  of  excitation  applied  to  the  amplifier. 

14-16  The  d-c  screen-grid  circuit  is  isolated 
from  the  r-f  circuit  by  the  inductance  of  a  length 
of  shielded  wire.  LI 3.  Capacitor  CI 8  provides 
additional  decoupling  to  prevent  r-c  from  enter- 
ine  the  power  supply.  Inductance  LIS  (upper 
right  fig.  96).  a  length  of  shielded  wire,  isolates 
the  d-c  power  supply  from  the  r-f  plate  circuit. 
Resistor  Rll  provides  additional  decoupling  for 
the  +750-voit  power  supply. 

14-17.  The  circuits  shown  in  figures  93  and 
96  indicate  the  similarities  of  VHF  and  UHF  cir- 
cuits, while  figure  95  gives  us  ^"Jd"  °- 
phvsicai  differences,  since  we  know  the  VHF  uses 
conventional  lumped-property  components  as 
compared  to  the  UHF  distributed  properties  of 
the  amplifier  structure. 

14-18  UHF  Relay  (Microwave).  The  Air 
Force  makes  wide  use  of  two  wideband  trans- 
mission systems  used  to  relay  communications. 
They  are  the  microwave  and  tropospheric  scatter 
relay  svstems  and  both  can  be  used  to  relay  TV. 
Microwave  relay,  however,  is  the  primary  system 
used  with  TV.  A  number  of  models  of  microwave 
equipment  are  in  use  throughout  the  Air  Force^ 
Some  of  this  equipment  is  of  military  design  and 
some  is  of  commercial  design. 

14-19  Although  the  design  of  microwave  relay 
equipment  varies,  all  the  equipment  is  similar  in 
basic  design.  Some  of  these  similarities  are  as 

follows:  .  , 

•  Klystrons.  Klystrons  are  used  extensively 
for  generating  the  microwave  r-f  signal  (at  fre- 
quencies above  6000  MHz)  in  the  transmitter, 
and  they  are  used  as  local  oscillators  in  microwave 

receivers.  ,  . 

•  Waveguides.  Waveguides  are  used  for 
transmission  lines  in  many  microwave  systems,  es- 


pecially those  operating  at  frequencies  higher 
than  3000  MHz. 

•  Antennas.  Most  microwave  systems  use 
hiuhly  directional  paraboloid  reflector  antennas, 
or"  paraboloid  reflector  and  plane  reflector  an- 
tennas in  combination. 

•  Microwave  receivers.  Most  microwave  re- 
ceivers will  be  similar  in  design;  i.e..  they  require 
a  large  number  of  i-f  amplifiers  and  the  same  type 
of  discriminator. 

14-20.  Bcsic  microwave  system.  A  two-way 
microwave  system  consists  of  two  complete  mi- 
crowave terminals,  both  of  which  will  have  capa- 
bilities for  transmitting  and  receiving  microwave 
signals.  Normally,  microwave  terminals  are  sep- 
arated by  a  distance  seldom  exceeding  30  to  55 
miles  If  a  greater  distance  between  microwave 
terminals  is  involved,  repeater  stations  become 
necessary.  Repeater  stations  are  two  terminals 
connected  back  to  back. 

14-21.  A  basic  microwave  system,  as  shown  in 
figure  97.  includes  a  microwave  transmitter,  a  di- 
rectional transmitting  antenna  system,  a  direc- 
■  tional  receiving  antenna  system,  and  a  microwave 
receiver.  The  main  parts  of  the  system  in  figure 
97  are  desiunated  A  through  H. 

14-22  Point  A  shows  the  microwave  transmit- 
ter. B  transmission  line,  and  C  and  D  show  the 
microwave  transmit  antenna  system  at  the  west 
terminal.   Point  E  shows  the  plane  refiector  at 
the  east  microwave  terminal.  The  plane  reflec- 
tor at  the  receiving  terminal  is  aimed  at  the  trans- 
mitting station's  plane  reflector  and  directs  the 
microwave  beam  downward  toward  the  parabo- 
loid reflector.   The  paraboloid  reflector  (point 
F)  directs  the  beam  to  a  particular  focal  point— 
the  waveguide  aperture.   Thus,  the  microwave 
energv  is  directed  into  the  waveguide,  as  shown 
by  point  G.  Point  H  shows  the  microwave  re- 
ceiver   The  receiver  contains  circuits  for  in- 
creasing the  signal-to-noise  ratio;  this  increases 
the  signal  level  for  subsequent  detection  by  a 
discriminator.  Microwave  receivers  use  conven- 
tional  superheterodyne   receiver  principles.  A 
refiex  klystron  is  used  as  a  local  oscillator;  its 
signal  is  combined  with  the  incoming  signal  in  a 
diode  type  mixer  arrangement  to  produce  an  i-f 

signal.  _,    1 1   .  u 

14-23  Velocity  modulation.  The  klystron  be- 
longs to  a  class  of  tubes  known  as  velocity-modu- 
lated tubes.  In  a  conventional  vacuum  tube,  an 
electron  beam  is  modulated  by  varying  the  num- 
ber of  electrons.  In  a  velocity-modulated  tube, 
the  electron  beam  is  modulated  by  varying  the 
electron  velocities.  -        .  ,  .  j 

14-24.  The  behavior  of  a  velocity-modulated 
electron  beam  can  be  shown  on  a  graph  known  as 
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Figure  97,    Basic  microwave  systetfi. 


an  Applegate  diagram  (fig.  98,C),  In  figure 
98,A,  the  distance  traveled  by  an  electron  is 
shown  as  a  function  of  time.  Figure  98,B,  shows 
similar  plots  for  electrons  that  leave  the  given 
point  at  intervals  after  the  zero  time.  Suppose 
now  that  the  beam  is  velocity  modulated.  As 
shown  in  figure  98,C,  some  electrons  will  travel 
faster  than  others.  The  plots  for  these  electrons 
are  more  nearly  vertical  than  the  plots  for  the 
slower  ones  (the  slower  plots  being  more  nearly 
horizontal).  Figure  98,C  shows  the  points  where 
bunching  occurs — that  is,  where  the  faster  elec- 
trons overtake  those  traveling  at  normal  velocities 
and  the  slower  electrons  fall  back  to  those  travel-  . 
ing  at  normal  velocities. 

14-25.  Figure  99  shows  an  example  of  a  reflex 
klystron.  It  consists  of  a  heater,  cathode,  resona- 
tor cavity  with  two  grids,  drift  tube,  and  a  re- 
peller  plate.  The  cavity,  as  well  as  the  body  of 
the  tube,  is  usually  (not  always)  operated  at 
ground  potential.  The  cathode  is  operated  at  a 
negative  potential  so  that  the  first  cavity  grid 
serves  as  an  accelerator.  The  second  cavity  grid, 
on  the  side  away  from  the  cathode,  velocity- 
modulates  the  electron  beam.  The  repeller  plate 
is  operated  at  a  potential  slightly  more  negative 
than  the  cathode,  and  it  serves  to  turn  the  elec- 
trons back  toward  the  cavity. 

14-26.  Operation  of  the  reflex  klystron  de- 
pends upon  the  proper  relation  between  the  cath- 
ode voltage,  repeller  voltage,  and  cavity  tuning. 
Note  the  arrangement  of  the  electrodes  and  the 
voltages  involved  for  operation  of  the  reflex  ve- 
locity-modulated  tube   shown   in   figure  100. 


Electrons  are  emitted  by  an  indirectly  heated 
cathode.  These  electrons  arc  attracted  by  the 
cavity  grids.  The  grids  arc  more  positive  than 
the  cathode  by  the  amount  of  voltage  t,,.  The 
electrons  emitted  from  the  cathode  travel  toward 
the  cavity  grids  at  a  velocity  determined  mainlv 
by  voltage  Eu. 

14-27.  Most  of  the  electrons  pa.ss  through  the 
cavity  grids  and  continue  on  toward  the  repeller 
plate.  .After  passing  the  cavity  grids  they  come  to 
the  drift  tube.  Since  the  repeller  plate  is  neizativc 
with  respect  to  the  cathode,  the  electrical  field  in 
the  drift  tube  opposes  the  electrons'  motion.  The 
strength  of  the  electrical  field  is  determined  by 
voltage  Er.  Thus,  the  electrons  stop,  reverse  direc- 
tion, and  pass  back  to  the  cavity  grids.  They  arc 
collected  by  either  the  shell  of  the^ubc  or  by  the 
cavity  grids  which  arc  connected  to  the  tube  shell. 

14-28.  When  the  electrons  return  to  the  eavity 
grids,  the  voltage  across  the  cavity  grids  again 
acts  upon  the  electrons.  Since  they  are  now  trav- 
eling in  the  opposite  direction,  they  will  be  de- 
celerated if  they  return  when  the  grid  voltage  k 
positive  and  accelerated  if  they  arrive  when  the 
grid  voltage  is  negative. 

14-29.  Reflex  klystrons  are  capable  of  being 
tuned  across  a  band  of  approximately  300  MHz. 
The  resonant  cavity  of  a  klystron  can  be  me- 
chanically tuned  to  a  desired  frequency  in  sev- 
eral ways.  Three  tuning  methods  are  shown  in 
figure  101.  Figure  10 1. .A.  shows  how  the  reso- 
nant frequency  point  of  the  cavity  may  be 
changed  by  use  of  a  capacitive  tuning  slug.  Fig- 
ure lOl.B,  shows  how  the  resonant  frequency 
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point  may  be  changed  by  the  use  of  an  mduL- 
Uve  tuninit  slug.  Both  of  these  tuning  methods 
arc  somewhat  equivalent  to  conventional  tank  cir- 
cuit tuning,  where  the  resonant  frequency  point 
is  changed  by  a  variable  capacitor  or  inductor. 
Whether  or  not  the  resonant  cavity  tuning  slug  is 
inductive  or  capacitive  depends  upon  the  position 
of  the  slug  in  relation  to  ^he  electric  and  mag- 
netic fields  within  the  cavity.  Figure  >0>.C  shows 
a  third  technique  for  tuning  the  resonant  cavity. 
This  tuning  method  involves  physically  changmg 
the  dimensions  of  the  cavity.  With  this  tuning 
technique,  the  cavity  is  designed  so  that  it  may 
be  compressed  or  expanded.    The  cavity  is 
squeezed  when  pressure  is  applied.  This  causes 
the  upper  cavity  grid  to  move  closer  to  the  lower 
cavity  grid.  This  change  in  grid  spacing  increases 


Distance 


the  capacitance  and  lowers  the  resonant  trc- 
quencv  of  the  cavity.  All  of  these  mechanical 
Tuning  methods  are  considered  to  be  coarse  fre- 
quency adjustments. 

14-30  A  slight  change  in  repeller  voltage  is 
sufficieni  to  change  the  klystron  frequency  sev- 
eral megahertz  or  more.  Thus,  it  is  a  method  lor 
fine  tuning  of  a  klystron.  When  the  repeller  is 
made  more  negative  in  relation  to  the  cavity 
grids,  the  repelling  force  on  the  electrons  is  in- 
creased. Therefore,  an  electron  passing  throug 
the  cavity  grids  on  its  way  from  the  cathode  will 
return  sooner  and  the  frequency  of  oscillation 
will  be  raised.  There  is.  of  course,  a  limit  to  the 
amount  of  frequency  change  that  can  be  obtained 
by  changing  the  repeller  voltage.  The  frequency 
will  change  approximately  1  MHz  for  a  1-volt 
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change  in  the.  rcpeller  voltage.  In  general,  by 
changing  the  repeller  voltage  and  retuning  the  cav- 
ity, a  reflex  klystron  can  be  tuned  over  a  range 
of  about  ±5  percent  from  the  center  of  its  oper- 
ating band.  When  the  rcpeller  voltage  is  changed, 
it  can  be  frequency-modulated  over  a  range  of 
about  lirO.S  percent  of  its  operating  frequency. 
Remeniber,  however,  that  the  frequency  modu- 
lation is  accompanied  by  some  amplitude  modu- 
lation when  the  frequency  shift  is  accomplished 
by  variation  in  the  repeller  voltage. 

14-31.  Frequency  modulation  of  the  klystron 
signal  is  accomplished  by  feeding  the  modulating 
voltage  to  the  repeller  of  the  klystron.  Tlie  modu- 
lating voltage  frequency  modulates  the  internal 
klystron  signal  by  making  the  rcpeller  voltage 
more  or  less  negative.  The  amplitude  of  the 
modulating  voltage  determines  the  amount  of  kly- 
stron frequency  deviation,  and  the  frequency  of 
the  modulating  voltage  determines  the  rate  of  klv- 
stron  frequency  deviation.  For  many  klystrons 'a 
I -volt  change  in  repeller  voltage  produces  a  I- 
MHz  change  in  klystron  frequency.  The  amount 
of  repeller  voltage  change  required  to  produce 
a  I -MHz  change  in  klystron  frequency  is  com- 
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Fiuure  101.    Reflex  klystron  cavity  tuninv  methods. 


monly  referred  lo  as  ihc  klystron  modulation 
sensitivity.  Thus,  a  modulation  sensitivity  of 
Iv/MHz  implies  that  the  rcpcller  voltage  must 
chanuc  I  volt  to  change  the  frequency  I  MHz. 
You  may  encounter  slight  differences  between 
individual  klystron  modulation  sensitivities. 

14-32.  The  multiplexed  aural  and  visual  signal 
must  be  sufficient  in  voltage  amplitude  to  be 


applied  to  the  kystron  repeller.  In  some  cases  the 
sicnal  will  consist  of  a  visual  signal  only  and  the 
aural  signal  is  relayed  by  another  method.  When 
the  multiplexed  signal  is  used,  the  necessary  sig- 
nal strength  is  achieved  in  the  input  combining 
and  amplification  circuits. 

14-33.  Transmitter  Maintenance.  After  equip- 
ment is  installed  and  in  an  operational  mode  for 
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a  period  of  time  with  all  initial  discrepancies  cor- 
rected, you  still  have  the  task  of  maintaining  per- 
formance. To  maintain  UHF  equipment  in  u 
satisfactory  condition  requires  a  slightly  different 
approach  from  the  way  low-trequency  cquipnieni 
is  maintained.  With  UHF.  especially  microwave 
equipment,  it  is  not  enough  lo  "dip"  the  plaie  and 
"max''  the  grid.  Also  you  do  not  just  peak-up  the 
tuning  of  a  stage  as  in  equipment  with  narrow- 
band tuning.  With  wide-bandpass  equipment,  you 
must  be  extremely  careful  of  any  voltage  change 
as  this  could  change  the  operating  bandpass  and 
resonant  frequency.  Any  dirt,  lint,  or  other  par- 
ticles carried  into  a  tuning  cavity  by  the  cooling 
system  could  change  its  capacitance  and  cause  a 
frequency  shift.  Along  this  same  line,  with  high 
voltages  and  close  tolerances,  arcing  can  be  a 
problem  with  foreign  particles  in  cavity  areas. 
Cleanliness,  precision  adjustments,  stable  power, 
and  avoiding  unnecessary  touchups  are  some  of 
the  things  to  remember  when  maintaining  UHF 
and  microwave  equipment. 

15.  UHF  Antennas 

15-1.  As  stated  in  Section  II,  the  UHF  band 
470-890  MHz,  is  assigned  to  television  channels 
14  through  83  by  FCC.  Assignments  of  higher 
frequencies  are  made  for  portable,  mobile,  and 
point-to-point  TV  service.  The  frequency  assign- 
ment for  a  particular  piece  of  equipment  is  made 
by  FCC  in  accordance  with  the  locality  and  the 
peculiar  needs  of  the  equipment. 

15-2.  Television  stations  receiving  allocations 
in  the  higher  frequency  ranges  fall  into  the  fol- 
lowing categories;  (1)  remote-pickup  stations, 
(2)  studio-to-transmitter  link  stations.  (3)  inter- 
city relay  stations,  (4)  broadcast  translator  sta-  . 
tions.  and  (5)  broadcast  booster  stations.  A  re- 
mote-pickup station  transmits  program  material 
and  related  communications  from  a  remote  site  to 
the  primary  TV  broadcast  station.  A  studio-to- 
transmitter  link  station  transmits  program  and  re- 
lated communications  from  a  fixed-base  remote 
station  to  the  primary  TV  broadcast  transmitter. 
Intercity  relay  stations  retransmit  the  program 
and  related  communications  between  two  TV  sta- 
tions. A  broadcast  translator  station  retransmits 
the  initial  TV  program  on  a  different  frequency 
carrier.  A  broadcast  booster  station  retransmits 
the  signal  of  a  primary  broadcast  station  by  am- 
plifying and  reradiating  the  incoming  signal  on 
the  same  frequency  carrier. 

15-3.  UHF  Transmission  and  Propagation. 
Propagation  characteristics  for  UHF  and  higher 
frequencies  are  less  favorable  than  for  VHF.  At- 
mospheric absorption  of  signal  energy  is  in- 
creased. Likewise,  shadow  effect  is  more  severe 
because  the  higher  frequency  wave  passing  over 


an  cbitacic  dees  not  disperse  itself  in  baciv  ot  the 
obstacle  (shadowed  area)  as  docs  a  Uwcr  fre- 
quency wave.  The  transmission  range  of  UHF 
and  higher  frequencies  is  limited  to  short  dis- 
tances. 

15-4.  In  TV  niicro>vavc  links,  transmission  is 
usually  required  netween  a  transmitter  and  only 
one  receiving  station.  Therefore,  ii  is  desirable 
that  both  the  transmitting  and  receiving  antennas 
be  highly  directional.  The  general  requirements 
for  receiving  and  transmitting  antennas  are  that 
they  have  small  energy  losses  and  that  they  be 
efficient  as  receptors  and  radiators. 

15-3.  UHF  Receiving  Antennas,  Many  types 
and  designs  of  UHF  receiving  antennas  are  avail- 
able on  the  conimercia!  market.  Our  discussion 
will  be  limited  to  some  of  the  more  popular 
ones — i.e.,  corner  reflector,  V-type,  bow-tie,  and 
parabolic  reflector. 

15-6.  Corner  refleaor.  The  corner  reflector 
gives  good  results  under  adverse  conditions,  is 
relatively  directional,  and  has  excellent  gain  over 
a  major  portion  of  the  UHF  spectrum.  It  consists 
of  a  half-wave  radiator  set  in  the  plane  of  a  line 
bisecting  the  corner  angle  formed  by  two  flat 
metal  reflector  sheets.  Construction  of  a  typical 
corner  reflector  is  illustrated  in  figure  102, A.  For 
horizontal  polarization,  the  radiator  and  reflector 
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Figure  103.    Basic  f-antenna. 

are  mounted  in  the  horizontal  plane.  This  mount- 
ing  arrangement  results  in  a  very  narrow  vertical 
radiation  pattern  with  maximum  signal  radiated 
in  line  with  the  bisector  of  the  corner  angle.  The 
dircctivitv  in  the  horizontal  plane  is  approximately 
the  same  as  for  any  half-wave  radiator  having  a 
sinulc-rod  type  of  reflector  behind  it. 

15-7  Both  gain  and  radiation  resistance  of  the 
antenna  are  affected  by  the  reflector  corner 
anelc  B  the  spacing  between  the  radiator  and 
the  corner  A.  and  the  size  of  the  reflector.  Fig- 
ure I02.B.  shows  the  gain  (expressed  as  a  power 
ratio)  between  the  dipolc  with  a  reflector . and  a 
basic  dipolc  antenna  for  corner  reflector  anten- 
nas having  different  corner  angles.  In  some  ap- 
plications, the  driven  clement  is  made  in  the  form 
of  a  folded  dipole  to  increase  input  impedance. 
The  reflector  often  consists  of  a  screen  with  open- 
ings spaced  approximately  one-tenth  wavelength 
apart. 

15-8.  V-type  antenna.  The  V-type  antenna 
is  another  version  of  the  dipole  antenna.  Each  of 
the  quarter-wave  elements  of  the  dipole  is  slanted 
forward  to  form  a  V-shape.  (Fig.  103  illustrates 
the  construction  of  a  basic  V-antenna.)  The  v 
is  formed  at  such  an  angle  that  the  main  lobes 
reinforce  along  the  line  bisecting  the  V  to  make  a 
very  effective  bidirectional  antenna. 

15-9.  The  V-antenna  has  a  broad  bandwidth 
capable  of  covering  the  VHF  as  well  as  the  UHF 
stations  that  serve  an  area.  As  the  frequency  of 
the  received  signal  increases,  the  antenna  ceases 
to  be  a  '/2 -wavelength  structure.  Each  leg  grad- 
ually becomes  a  wavelength  relative  to  the  fre- 
quency of  the  arriving  signal.  For  example,  if 
each  of  the  two  legs  of  a  V-antenna  is  cut  for 
1/4  wavelength  at  channel  2  (54-60  MHz),  they 
become  V*  wavelengths  at  180  MHz.  almost  2'/i 
wavelengths  at  600  MHz.  and  approximately  2Vi 
wavelengths  at  840  MHz.  The  gain  of  this  type 
of  antenna  is  dependent  upon  its  leg  lengths  and 
upon  the  ancle  which  .the  two  legs  make  with 
each  other.  Since  gain  is  almost  directly  propor- 
tional to  the  leg  length,  it  would  seem  advisable 
to  make  each  leg  as  long  as  possible.  However, 
there  arc  structural  limitations.  With  excessive 


extension  of  leg  length,  the  antenna  becomes  un- 
wieldy and  readily  breaks  when  exposed  to  wind, 
ice.  or  snow.  This  problem  is  partially  overcome 
by  using  antenna  elements  of  sufficient  diameter 
(W  to  Vi  inch)  to  provide  additional  strength. 
Design  variations  include  adding  or  stacking  V's 
to  increase  gain  and  directivity. 

15-10.  Bow-tie  antenna.  The  bow-tie  antenna 
(sometimes  called  fanned  dipole)  is  still  another 
variation  of  the  dipolc.  In  order  to  achieve  the 
broadband  characteristics  necessary  to  receive  all 
signals  within  the  TV  UHF  band,  triangular 
sheets  of  metal  are  used  instead  of  rods  (see  fig. 
104.  A).  The  array  is  normally  designed  with  a 
corner  angle  of  70'  to  achieve  an  input  impe- 
dance of  approximately  300  ohms.  The  radia- 
tion pattern  of  a  bow-tie  antenna  is  a  figure 
eight;  however,  if  a  screen  is  placed  behind  the 
dipole  (as  shown  in  fig.  104.B),  the  field  be- 
comes unidirectional. 

15-11.  The  gain  is  only  slightly  greater  than 
that  of  a  rod  dipole;  therefore,  these  units  provide 
satisfactory  reception  in  strong  signal  areas  where 
there  are  relatively  few  ghost  signals.  Bow-tie 
antennas,  however,  can  be  stacked  two  and  four 
high  to  provide  increased  gain  and  better  discrim- 
ination against  ground-reflected  signals.  Notice 
that  the  reflector  in  figure  104.B,  is  a  wire  screen 
instead  of  the  rods  usually  used  at  VHF.  Screens 
are  as  effective  as  solid  metallic  reflectors,  pro- 
vided the  openings  are  no  larger  than  0.2  wave- 
length at  the  highest  operating  frequency.  Re- 
flector dimensions  are  not  critical,  but  the  edges 
should  extend  for  a  short  distance  beyond  the 
dipole  elements.  As  shown  in  figure  104.C,  the 
corner  reflector  is  also  used  with  the  bow-tie  an- 
tenna. _ 

15-12.  Parabolic  reflector.  PataboWc  reflectors 
are  generally  used  in  TV  microwave  relay  sys- 
tems. They  are  used  in  both  transmitting  and 
receiving  antenna  systems.  The  principles  of 
operation  of  antennas  designed  for  operation  in 
the  super-high-frequency  range  are  the  same  as 
for  the  lower  frequency  antennas.  However,  be- 
cause of  the  small  physical  size  of  the  radiating 
elements,  full  advantage  can  be  taken  of  directive 
arrangements  for  efficient  line-of-sight  operation. 

15-13.  Focusing  microwave  energy  is  a  rela- 
tively easy  task,  because  the  radiation  properties 
of  microwave  frequencies  approach  those  of  light 
waves.  Figure  105  shows  how  this  focusing  of 
energy  is  accomplished  in  many  microwave  relay 
systems.  Energy  is  radiated  from  the  aperture 
antennas  into  a  paraboloidal-shaped  reflector 
(parabolic  reflector).  This  reflector  concentrates 
the  microwave  energy  into  a  tight  beam.  As 
shown,  a  plane  reflector  intercepts  the  beam  of 
energy.  The  plane  reflector  is  tilted  at  an  angle 
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A.  aow.TiE 

ANTENNA 


B.  BOW-TIE  ANTENNA 
WITH  FLAT  REFLECTOR 


C.  BOW-TIE  ANTENNA 
WITH  CORNER  REFLECTOR 


Figure  104.  .  Bow-tie  antenna. 


sufficient  to  direct  the  beam  toward  the  distant 
station.  The  angle  of  tilt  depends  upon  the  posi* 
tioning  of  the  parabolic  reflector,  plane  reflector, 
and  distant  station. 

15*14.  In  most  microwave  antenna  systems, 
the  parabolic  reflector  and  the  aperture  antenna 
assembly  are  constructed  as  one  unit.  The  wave* 
guide  is  fed  through  the  rear  at  the  center  of  the 
reflector.  The  aperture  antennas  are  positioned 
at  a  point  above  the  reflector. 

15-lS.  Figure  106  illustrates  the  beaming  ac- 
tion of  a  microwave  parabolic  reflector.  Note 
that  all  parts  of  a  wavefront  leaving  point  A 
arrive  at  line  BC  simultaneously.  Thus,  the  para- 
bolic reflector  forms  the  energy  from  the  wave* 
guide  into  a  beam  in  the  direction  of  the  plane 
reflector  which*  in  turn^  reflects  the  microwave 
beam  toward  the  distant  station.  The  receiving 
characteristics  of  a  parabolic  reflector  are  also 
f 


such  that  r-f  energy  striking  the  surface  of  a 
parabolic  reflector  forms  a  well-defined  focal 
point.  Hence,  energy  received  from  the  distant 
station  is  directed  into  the  waveguide  at  point  A 
(the  aperture  antenna). 

15*16.  UHF  Transmitting  Antennas.  In  com- 
parison with  a  VHP  system,  the  UHF  antenna 
system  must  generate  a  higher  signal  gain  in  or* 
der  to  service  a  given  area.  The  complicated 
feeder  system  and  stacked  element  array  methods 
used  with  VHF  system^  would  introduce  losses 
if  further  advanced  to  accommodate  the  higher 
gains  necessary  in  UHF  systems.  The  higher 
frequency  and  shorter  wavelengths  of  the  UHF 
signals  require  a  new  approach. 

15*17.  The  loop  antenna  in  its  basic  form  is 
simply  a  coil  of  wire  used  to  radiate  energy.  The 
shape  of  the  radiation  pattern  varies  with  varia* 
tions  in  the  diameter  of  the  loop.  If  the  diameter 
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IS  less  than  0.585  the  field  of  maximum  radia- 
tion is  in  the  plane  of  the  loop.  Radiation  ai 
right  angles  to  the  plane  of  the  loop  is  nil. 

15-18.  The  slotted  loop  (slotted  ring)  an- 
tenna, a  modification  of  the  basic  loop  antenna, 
is  an  effective  high-band  VHF  and  UHF  trans- 
mitting antenna.  It  consists  of  a  series  of  slotted 
rings  mounted  on  a  channel,  as  shown  in  figure 
107.  The  rings  are  lenticular  in  cross  section  with 
the  long  axis^in  the  plane  of  the  rings.  This  con- 
figuration results  in  an  antenna  structure  that  has 
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Fifiure  105.    Microwave  untenna  system. 

a  minimum  resistance  to  wind  forces.  Two  paral- 
lel rods  arc  mounted  to  the  rings,  one  along  each 
side  of  the  open  portion.  This  arrangement  forms 
a  continous  slot  and  acts  as  a  balanced  trans- 
mission line.  Figure  108  shows  a  section  of  this 
type  of  antenna  mounted  on  a  supporting  mast. 
A  basic  slotted  ring  antenna  is  a  bay  consisting  of 
two  radiatinii  elements  (called  half  bays)  ar- 
ranged one  above  the  other  and  fed  with  a  single 
rigid  coaxial  transmission  line. 


Figure  106.    Faraboloidahshaped  reflector. 

15-19,  We  can  best  understand  the  operation 
of  the  slotted  ring  antenna  by  considering  it  as  a 
balanced  transmission  line  shunted  by  a  number 
of  loops,  or  rings.  The  phase  velocity  at  which  a 
very-high-frequency  wave   is  propagated  along 
the  transmission  line  can  be  substantially  varied 
by  properly  arranging  the  separation  and  cross- 
sectional  area  of  the  rings.  Figure  109  shows  a 
loaded  transmission  line  short-circuited  at  one 
end  and  fed  with  r-f  energy  at  the  other.  Stand- 
ing waves  having  an  apparent  wavelength  are 
set  up  along  the  line.  When  the  number  of  rings 
along  the  balanced  transmission  line  is  approxi- 
mately 12  per  free-space  wavelength  and  the  dia- 
meter of  each  ring  is  approximately  0.14  of  the 
free-space  wavelength,  the  apparent  wavelength 

RING  SUPPORTS 
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Fifittre  107.    Section  of  alotteti  ritti*  antenna. 
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will  be  about  twice  that  of  the  frec-spacc  wave- 
icngtri. 

15-20.  When  the  same  arrarigcmcni  is  shon 
circuited  at  both  ends  and  fed  at  the  center 
through  a  length  of  transmission  line  (as  shown 
in  fig.  110)»  a  wave  propagates  from  the  cen- 
ter feed  point  toward  each  of  the  short-circuited 
ends.  The  reflected  wave  from  the  ends  sets  up 
a  standing  wave,  and  the  difference  of  potential 
'between  the  conductors  of  the  antenna  and  the 
balanced^ansmission  line  is  distributed  approxi- 
mately as  shown.  The  phase  of  this  potential 
difference  is  essentially  constant  over  the  entire 
length  of  line.  The  difference  of  potential  exist- 


Figure  108.    Slotted  ring  antenna  mounted  on  pole. 
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Fif:ure  no.    Unbalanced  transmission  line  loaded  with 
shunt  rings. 

inc  between  the  balanced  conductors  causes  cir- 
cumferential currents  to  flow  in  the  shunting 
rings. 

15-21.  Oain  is  proportional  to  the  number  of 
bays  used.  Each  transmitting  bay  is  approximately 
3.4  wavelengths  at  the  operating  frequency  and 
has  an  average  power  gain  of  approximately  4. 
As  many  as  five  bays  may  be  stacked  one  above 
the  other.  High-gain  antenna  configurations  arc 
practical  for  use  at  the  high-band  VHF  and  UHF 
channels  because  of  the  short  physical  antenna 
lengths. 

15-22.  The  slotted  ring  antenna  is  capable  of 
handling  high  input  power.  Rigid  coaxial  trans- 


mission lines  running  to  each  bay  permit  the  use 
of  approximately  35  kw  in  the  high  VHF  band. 

15-23.  The  impedance  of  the  slotted  ring  an- 
tenna is  a  nominal  50  ohms.  Since  the  antenna  is 
fed  by  a  single  rigid  coaxial  transmission  line 
having  a  nominal  impedance  of  50  ohms,  no 
impedance  matching  problems  exist. 

15-24.  The  horizontal  radiation  pattern  of  this 
antenna  is  essentially  circular.  Directional  hori- 
zontal radiation  patterns  are  achieved  by  adding 
pattern-shaping  members  to  the  basic  antenna.  A 
common  method  is  to  connect  two  beam-shaping 
members  to  each  alternate  active  ring.  The  rings 
to  which  these  members  are  attached  direct  a 
substantial  portion  of  the  antenna  current  into 
the  beam-shaping  elements. 

15-25.  UHF  and  VHF  Antennas  Compared. 
Although  UHF  antennas  actually  can  include  any 
one  of  the  VHF  antennas  previously  discussed, 
the  UHF  antenna  will  be  considerably  smaller 
in  physical  dimension.  It  has  a  lower  length-to- 
diameter  ratio;  hence,  it  has  a  lower  Q  and  wider 
bandwidth  response  than  the  VHF  antenna. 
Stacked  arrays  and  other  complex  systems  have 
much  less  wind  resistance,  less  weight,  and  are 
not  as  massive.  The  UHF  antenna  is  less  subject 
to  interference  from  the  surrounding  area  than  is 
its  VHF  counterpart.  Even  when  tin  roofs,  rain 
pipes,  or  other  metal  objects  which  might  in- 
fluence antenna  performance  are  nearby,  the 
UHF  antenna  is  farther  away  from  these  influen- 
ces in  terms  of  actual  wavelengths.  Some  VHF 
antennas  can  be  converted  to  VHF/UHF  anten- 
nas by  modifying  their  mounting  anangements. 
Among  those  that  can  be  made  suitable  for  both 
VHF  and  UHF  reception  are  the  VHF  conical 
antenna  and  the  VHF  V-type  antenna. 

15-26.  Impedance  matching  at  the  antenna 
and,  more  importantly,  at  the  receiver  requires 
more  careful  attention  in  UHF  installations.  Mis- 
matching at  the  receiver  results  in  energy  being 
reflected  back  along  the  line  with  resultant  stand- 
ing waves.  Attenuation  characteristics  of  a  line 
may  be  increased  substantially  over  its  normal 
rating  when  standing  waves  are  present.  In  strong 
signal  locations,  the  additional  loss  may  not  be 
serious;  however,  in  moderate  and  weak  signal 
areas,  it  can  mean  the  difference  between  usable 
and  unusable  pictures. 

15-27.  Waveguide.  A  special  type  of  trans^ 
mission  line,  the  waveguide,  is  used  when  greater 
transmission  efficiency  is  required  that  can  be  ob- 
tained from  coaxial  lines.  Electromagnetic  fields 
transfer  the  energy  in  a  waveguid,e  without  the 
use  of  a  center  conductor.  The  waveguide  may 
be  considered  a  hollow  pipe  and  may  be.  round, 
square,  rectangular,  or  elliptical.  Waveguides 
have  certain  advantages  over  the  transmission 
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lines.  Radiation  losses  are  very  j;mall  in  a  wave- 
guide because  the  fields  arc  contained  wholly 
within  the  guide.  Since  a  waveguide  has  a  large 
surface  area  and  does  not  have  d  center  condiic* 
tor.  the  copper  losses  are  less  than  those  in  other 
types  of  lirics>  ^ince  the  absence  of  a  center  con- 
ductor also  er  .  ..ates  the  need  for  a  solid  dielec- 
tric support,  dielectric  losses  are  less.  The  power- 
handling  capability  of  a  waveguide  is  greater 
than  that  of  a  coaxial  line  having  an  equal  size 
because  the  distance  between  the  conductors  of 
the  waveguide  is  greater.  Waveguides  are  also 
simplier  to  construct  than  coaxial  lines. 

15-  28.  Waveguides  are  used  in  UHF  TV 
transmission  systems  when  greater  power*han* 
dling  capacity  and  lower  signal  attenuation  is  de* 
sired.  Waveguides  may  also  be  employed  in  the 
microwave  relay  system »  Two  of  the  sizes  of 
typical  rectangular  waveguides  are  5%  by  IWz 
inches  (650-  to  1000-MHz  range)  and  IVz  by 
15  inches  (450-  to  750-MHz  range).  The 
waveguides  are  formed  using  copper-clad  steel 
or  aluminum.  The  installation  of  a  waveguide 
system  for  UHF  is  much  the  same  as  with  coax- 
ial lines  and  the  same  precautions  should  be  fol- 
lowed. Transition  or  coupling  devices  must  be 
used  if  the  system  requires  a  change  from  wave- 
guide to  coaxial  line  or  from  coaxial  line  to  wave- 
guide along  the  transmission  route. 

16.  UHF  Receivers 

16-  1,  In  the  preceding  section,  only  the  VHP 
TV  channels  (2  through  13)  r-f  tuners  using  the 
superheterodyne  principle  were  discussed.  In 
many  areas  it  is  possible  to  receive  ultra-high- 
frequency  (UHF)  TV  channels.  In  the  past, 
TV  receivers  were  manufactured  with  combined 
VHF/UHF  tuners  or  with  the  VHF  tuner  only. 
Separate  UHF  tuners  are  available  for  VKF  sets 
originally  manufactured  for  VHF  only. 

16-2.  UHF  Conversion.  There  are  several 
methods  of  heterodyning  the  UHF  signal  down 
to  the  i-f  signal  range.  One  method,  direct  heter- 
odyning, shown  in  figure  111. A,  employs  a 
UHF  local  oscillator  whose  frequency  is  equal  to 
the  total  of  the  desired  i-f  and  the  UHF  incoming 
signal.  If  a  UHF  signal  is  being  received  on  chan- 
nel 31  (572-578  MHz),  the  UHF  oscillator  will 
be  set  on  619  MHz  to  heterodyne  with  the  video 
carrier  frequency  of  573.25  MHz»  The  difference 
frequency  will  be  the  i-f  video  carrier  frequencv» 
45.75  MHz. 

16-3.  Another  method  of  UHF  heterodyning, 
shown  in  figure  11  KB.  uses  an  external  conver- 
ter that  can  be  connected  to  a  standard  TV  re- 
ceiver having  only  a  VHF  tuner.  This  metho,d 
uses  the  double  superheterodyne  principle  where- 
by the  UHF  signal  is  heterodyned  two  times  be- 


fore it  is  reduced  to  the  i-f  rrinuo  of  the  TV  re- 
ceiver. In  the  example  illu.stratcd  jn  i'liiurc 
III.B.  UHF  channel  21  is  U)  be  received.  The 
UHF  local  oscillatiir  will  be  set  on  430  MHz  fur 
channel  21  ( 512-51 K  MHz)  reception.  Hetero- 
dyning the  UHF  oscillator  freqiitncy  with  ihc 
video  carrier  frequency  (513.25  MHz)  of  chan- 
nel 21  will  produce  an  83.25-MHz  signal  in  the 
output  of  the  external  converter.  The  frequency 
83.25  MHz  is  the  video  carrier  frequency  of 
channel  6.  Injecting  the  output  of  the  external 
converter  into  the  antenna  input  terminals  of  the 
VHF  TV  receiver  and  with  the  channel  selector 
on  channel  6,  the  VHF  local  oscillator  will  be 
set  to  129  MHz.  The  second  heterodyning  step, 
mixing  129  MHz  with  83.25  MHz. 'wilf  result 
in  a  difference  frequency  of  45.75  MHz.  With 
the  external  converter  set  on  channel  21  and  the 
VHF  receiver  set  on  channel  6,  the  picture  on 
channel  21  will  be  produced  on  the  screen  of  the 
VHF  receiver.  An  additional  i-f  amplifier  in  the 
output  of  the  external  converter  is  usually  used 
to  step  up  the  first  heterodyned  i-f  signal  into  the 
VHF  receiver. 

16-4.  A  third  method  of  UHF  heterodyning, 
as  shown  in  figure  lll^C,  uses  a  harmonic  gene- 
rator (frequency  multiplier)  to  produce  the  de- 
sired UHF  oscillator  frequency.  Tlie  harmonic 
generator  usually  consists  of  a  crystal  circuit 
whose  output  is  selective  to  the  desired  harmonic 
frequency  range  (in  this  case,  the  third  harmo- 
nic). No  UHF  local  oscillator  stage  is  needed  be- 
cause an  output  is  taken  from  the  VHF  local 
oscillator  (139.75  MHz)  and  applied  to  the  har- 
monic generator.  The  output  of  the  harmonic 
generator  (three  limes  139.75  MHz)  is  mixed 
with  the  incoming  UHF  signal  to  produce  the 
desired  i-f  signal. 

16-5.  The  direct  heterodyning  system,  as 
shown  in  figure  111. A.  is  usually  used  with  re- 
ceivers that  contain  a  combination  VHF/UHF 
tuner.  The  external  converter  method  is  used 
with  TV  receivers  that  have  only  the  VHF  tuner. 
The  harmonic-crystal  mixing  method  is  most 
often  used  with  receivers  in  which  the  tuner  de- 
sign provides  plug-in  channel  strips,  as  with 
turret  type  tuners. 

16-6.  Maintenance.  Receiver  maintenance  for 
UHF  receivers  will  be  increased  by  the  addition 
of  one  tube  and  associated  circuit.^^  One  very 
important  difference  is  that  the  tuning  section  of 
a  UHF  tuner  contains  some  very  delicate  tabs. 
These  tabs  are  adjusted  to  obtain  the  correct  capa- 
citance for  proper  tracking  of  the  tuner.  F'or  this 
reason  it  is  a  good  idea  to  avoid  inserting  any- 
thing into  this  tuning  section,  because  even  a 
strong  blast  of  compressed  air  can  damage  or 
detune  it.  .Also,  rough  handling,  moisture,  ex- 
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irc'^cs  of  ^^al  or  ccid,  etc..  should  be  avoided. 
Here  also,  as  stated  previously,  precision  com- 
ponents require  precision  maintenance.  This  is 
especially  true  of  the  microwave^  receiver  which 
must  maintain  a  broad  frequency  response  *^ith 
the  same  amount  of  gain. 

16-7.  Microwave  Receiver,  The  microwave  re- 
ceivers must  be  capable  of  receiving  weak  signals 
(sometimes  as  low  as  - 100  dbw).  At  VHF  fre- 
quencies it  is  possible  to  increase  receiver  sensiti- 
vity by  the  use  of  r-f  amplifiers.  Thus  far,  ampli- 
fication of  low-level  microwave  signals  has  not 
been  practical,  except  by  the  use  of  the  paramet- 
ric amplifier.  Microwave  receivers,  therefore,  do 
not  provide  amplifications  at  the  received  signal 
frequency.  Basically,  microwave  receivers  are 
FM  superheterodyne  receivers  with  sufficient 
stages  of  i-f  amplification  to  boost  the  first  de- 
tector (mixer)  output  signal  to  the  desired  level. 
In  these  receivers  the  noise  generated  within  the 
input  circuits  (first  detector  and  first  two  i-f 
stages)  is  the  factor  which  limits  the  receiver's 
signal-to-noise  ratio.  Normally,  a  signal-to-noise 
ratio  of  15  db  is  considered  satisfactory  for  re- 
liable reception.  Figure  112  shows  a  typical 
modern  microwave  receiver.  Note  that  this  re- 
ceiver bears  a  resemblance  to  an  ordinary  low- 
frequency  FM  receiver  except  that  r-f  amplifier 
stages  are  not  used  in  the  microwave  receiver. 

16-8.  Basically,  the  microwave  receiver  oper- 
ates as  follows:  The  microwave  energy  is  re- 
ceived by  the  antenna  system,  radiated  down  the 


waveguide  to  the  receive  bandpass  filter,  passed 
through  the  filter,  and  fed  to  a  mixer,  .^tagc.  \ 
iocai  oscillator  klystron,  operating  at  a  frequency 
approximately  70  MHz  removed  from  the  re- 
ceived signal  frequency,  is  also  fed  into  the  mixer 
stage.  The  mixer  stage  produces'  a  number  of 
frequencies  at  its  output.  The  difference  fre- 
quency is  selected,  amplified  by  a  number  of  i-f 
amplifiers,  and  fed  to  one  or  more  liniiter  stages. 
The  limiter  stages  clip  the  noise  from  the  FM  i-f 
signal.  The  i-f  signal  is  detected  by  a  discrimina- 
tor stage.  The  output  of  the  discriminator  con- 
sists of  the  original  baseband  signal.  This  signal 
is  then  fed  to  a  number  of  baseband  amplifier 
stages.  (Baseband  amplifiers  are  sometimes  re- 
ferred to  as  video  amplifiers  or  as  dropout  am- 
plifiers.) The  amplified  signal  is  then  distributed 
to  the  multiplex  equipment  and  to  any  other 
appropriate  equipment.  A  portion  of  the  signal 
at  the  output  of  the  discriminator  is  fed  to  fre- 
quency correction  circuits.  These  circuits  are  used 
to  keep  the  local  oscillator  klystron  tracking  70 
MHz  (or  the  i-f  frequency)  removed  from  the 
frequency  of  the  incoming  microwave  signal. 

16-9.  As  already  mentioned,  the  microwave 
receiver  uses  a  klystron  oscillator  to  produce  a 
frequency  to  mix  with  incoming  r-f.  Since  this  is  a 
different  tube  from  those  ordinarily  used  in  re- 
ceivers, we  can  assume  that  probably  the  UHF 
frequency  receivers  will  also  use  specialized  tubes. 
In  the  UHF  receiver  the  input  signal  is  weak  and 
needs  amplification  for  mixing  and  detecting. 
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However,  in  most  UHF  tuners  there  will  be  a 
mixing  of  the  uiput  signal  and  local  oscillator 
with  subsequent  amplification  of  the  i-f  signal. 
Again,  the  reason  for  not  amplifying  the  input 
r-f  is  that  there  will  be  too  much  noise  amplified 
along  with  the  signal.  This  noise  factor  is  evident 
even  though  tube  elements  being  closely  spaced 
arc  designed  for  high-frequency  operation.  The 
spacing  between  the  cathode  and  grid  is  as  small 
as  O.obl  inch  and  the  cathode-to-plate  spacing 
as  small  as  O.OOS  inch.  Other  design  considera- 
tions that  have  been  incorporated  are  smaller 
elements  and  multiple  tube  pin  connections 
which  reduce  coupling  effects  of  the  tube  ele- 
ments. Engineering  factors  have  been  extended 
to  consider  such  items  as  decreasing  the  size  of 
the  elements,  using  very  short  leads  between  the 
tube  elements  and  the  base  pin.  using  multiple 
pin  connections,  making  the  connecting  pins  of 
special  material  such  as  chrome  iron,  using  nickel 
for  the  connectors  between  the  tube  elements  and 
the  base  pins,  and  plating  the  base  pins  with 
silver  or  copper  to  reduce  the  resistance  factor. 
16-10.  The  transistor  r-f  amplifier  presents 


similiar  problems  to  those  encountered  in  tube 
type  counterparts.  For  audio-frequency  transitor 
amplifiers,  it  is  permissible  to  disregard  the  effects 
of  transistor  internal  capacitances  and  transit 
times,  since  these  effects  are  negligible  in  the 
low-frequency  range.  Such  is  not  the  case,  how- 
ever, in  the  upper  frequency  ranges.  Transistor 
internal  capacitances  provide  feedback  paths  for 
high  frequencies.  Unless  this  feedback  is  con- 
trolled or  eliminated,  the  operation  of  a  high* 
frequency  amplifier  may  be  seriously  impaired. 
Transmit  times  cause  a  falloff  in  gain  which  be- 
comes more  pronounced  with  increasing  fre- 
quency. These  effects  must  be  taken  into  account 
when  dealing  with  r-f  and  i-f  amplifiers. 

16-11.  The  transistor  design  has  a  great  deal 
to  do  with  high-frequency  response;  its  alpha 
cutoff  frequency  and  internal  capacitances  are 
limited  factors.  Desirably,  it  should  have  very 
low  internal  capacitances  and  its  alpha  cutoff 
frequency  should  be  well  above  the  required 
upper  limit  of  response.  Special  high-frequency 
types  such  as  these  are  available  and  more  are 
being  developed. 


^V,S.  GOVERNMENT  PRINTING  OFFICE:  If79-M0-0I8  /  660 
AUGAFS,  AL  (753193)  ttO 


107 

434 


MODIFICATIONS 
^of  this  publication  has  (have)  been  deleted  in 


adapting  this  material  for  inclusion  in  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
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STUDY  REFERENCE  GUIDE 


I.  /'.><•  this  Guide  us  a  Study  Aid.  It  emphasizes  all  important  study  areas  of  this  volume. 

Use  the  Guide  as  you  comidete  the  Volume  Review  Exercise  and  for  Review  after  Feedback  on 
Jhe  Results.  Alter  each  item  number  on  your  VRE  is  a  three  digit  number  in  parenthesis.  That 
number  corresponds  to  Ihe  Guide  Number  in  this  Study  Reference  Guide  which  shows  you  where 
the  answer  to  that  VRE  item  can  be  found  in  the  text.  When  answering  the  items  in  your 
\'Rf:,  refer  to  the  areas  in  the  lext  indicated  by  these  Guide  Numbers.  The  VRE  results  will  be 
sent  to  \ou  on  a  pi)stcard  which  will  list  the  actual  VRE  items  yuu  mis,\ed.  Go  to  your  VRE 
booklet  "and  locate  the  Guide  Number  for  each  item  missed.  List  these  Guide  Numbers.  Then  go 
back  to  your  textbook  and  carefully  review  thz  areas  covered  by  these  Guide  Numbers,  Review 
Ihe  entire  VRE  again  before  you  take  the  closed-book  Course  Examination. 

3.  (..VI'  the  Guide  for  Follow-up  after  you  complete  the  Course  Examination.  The  CE  results  will 
l5c  sent  to  vou  on  u  postcard,  which  will  indicate  "Satisfactory"  or  ^^Unsatisfactory"  completion. 
The  card  will  list  Guide  Numbers  relating  to  the  questions  missed.  Locate  these  numbers  in  the 
Guide  and  draw  a  line  under  the  Guide  Number,  topic,  and  reference.  Review  these  areas  to 
insure  your  mastery  of  the  course. 
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Guide 
Number 

200 


201 
202 
203 
204 

205 

206 

207 

208' 
209 
210 
211 

212 
213 


Gvido  Nutnbers  200  through  224 

Studio  and  Control  Ecpiipment;  Studio  Light- 
ing* pages  1*3 

Studio  AidSf  pages  3«8 

Special  Effects  Equipment,  pages  8-12 

Intercom,  pages  12-14 

Audio  and  Video  Equipment;  Recorders: 
Audio  Tape  Recorders,  pages  15-18 

Recorders;  Heads;  Electrgnies;  Trouble 
Diagnosis,  pages  18-23 

Recorders:  Video  Tape  Recorders,  pages 
23-28 

Recorders:  iCiAescope  Recorders,  pages 
28-33 

Projectors:  16  MM  Projectors,  pages  33-37 

Projectors:  Slide  Projectors,  pages  37-39 

Vidicon  Multiplexers,  pages  39-42 

^ecialized  Test  Equipment;  Monoscope 
AmpiifierSf  pages  43-45 

Video  Test  Eq^ipment:  Grating  Generator; 
Dot  Generator;  Sweep  Marker  Generator, 
pages  45-48 

Video  Test  Equipment:  Pulse  Cross  Dis- 
play; Test  Patterns,  pages  48^*53 


Guide 
Number 

214 

215 

216 

217 

218 

219 
220 


222 


223 


Color  Testing,  pages  53-58 

VHP  Equipment;  VHF Transmitters:  Trans- 
mitter Principles,  p^es  59-62 

VHF  Transmitters:  Transmitter  Signals, 
pages  62-68 

VHF  Antouias:  Transmission  and  Propaga- 
tion; VHF  Antennas,  General;  Factors  Af- 
lecting  Efficiency;  Power-HandUng  Capa- 
bilities; Impedance  Matching,  pages  68-71 

VHF  Antennas:  Baiuns;  VHF  Antennas, 
Special  Types;  Color  Television  Antenna 
Requirements,  pages  72-79 

VHF  TV  Receivers,  pages  79-87 

UHF  Equipment;  Transmitters:  Compari- 
sons, pages  88-93 

Transmitters:  UHF  Relay  (Microwave); 
Transmitter  Maintenance,  piiges  93-98 

UHF  Antennas:  UHF  Transmission  and 
Propagation;  Receiving  Antennas*  pages 
98-100 


UHF  Antennas:  UHF  Transmitting  Anten« 
nas;  UHF  and  VHF  Antennas  Compared; 
Waveguide,  pages  100-104 


224       UHF  Receivers,  pages  104-107 
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chaPtkr  review  kxercises 


The  toUowIng  e.YtTC/.v'-.s  ctr,-  study  nidy.  HV/n»  vour  tvisu-iTA  in  pvncil  in  th^-  sp.-tn-  pmvuU  'l  :iiu 
exercise,  immediately  iitvr  cotuplt^t.ng  each  .se:  of  txerct.st'S.  chvck  ynur  n-.s/)r»n.sr.>  caiatnst  fA.- 
answeri>  (or  th<i:  set.  Do  not  submit  v\.wr  ons^vrs  to  ECl  tor  grading. 


.  CHAPTER  1 


Objectives:  To  identify  types,  sources,  and  methods  of  controlling  studio  lighting;  ^nd  lo  deiermstif 
maintenance  and  repair  procedures  for  such  studio  aids  as  prompters,  projectors,  special  c-flects,  tind 
intercom  equipment. 

1.  Match  the  descriptions  in  Column  B  to  the  terms  in  Column  A  by  writing  the  alphabet iciil  desi^n,.- 
tors  of  Column  B  in  the  blanks  of  Column  A. 


2.  Does  the  incandescent  lamp  have  a  stronger  or  weaker  energy  output  nt  the  greater  wiivelentith'^  ' 
(1-9,  10.  fig.  1) 


3.  Which  of  the  two  common  camera  pickup  tubes  would  be  more  suitable  for  use  with  low-intensiiv 
lighting?  (Ml) 


4.   Is  the  incandescent  or  fluorescent  lighting  preferred  for  TV  studio  illumination^  (1-12) 


Column  A 


Column  B 


-1.   Base  lighting.  a.  General  overall  diffused  illumination. 

-2.   Key  lighting.  6.  Additional  illumination  of  a  principal  subject  from  a  ^tven  source 

Fill  lighting.  c.  Added  diffused  illumination  tc  reduce  shadows. 

-4.    Effects  lighting,  c/.  Lighting  which  simulates  a  realistic  scene. 


(1.3-6) 


A  spotlight  with  an  adjustable  iris  and  shutter  would  be  an  aid  to 
;n  a  studio.  (1-13,  16) 


Whu-h  one  of  the  following;  lenses-8^:  inch,  zoom,  or  J5-inch-would  be  the  best  substitute  lor  a 
90mm  lens  on  a  studio  camera?  (1*20,  22) 


Name  several  types  of  equipment  which  are  often  used  for  TV  prompting.  (.2-2) 


Name  the  basic  sections  of  the  scroll  type  of  prompting  unit.  (2-3) 


Name  the  components  contained  in  the  scroll  section.  (2-3) 


What  are  the  primary  maintenance  requirements  of  the  TV  prompter  unit^  (2-S) 


During  operation  the  d-c  synchronous  motor  runs  very  slowly  in  the  forward  direction,  but  reverse 
speed  IS  normal.  Later  checks  disclose  that  V2  plate  voltage  is  normal  and  the  plate  voltage  of 
VI  IS  low.  What  is  a  possible  trouble?  (2-6.  fig.  3) 
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12.   The  stage  is  .lore  practical  than  the 

projecting  opaque  objects.  (2-8) 


-  V^taRe  when 


13.   The  first  law  governing  mirror  action  states  that  the   -  -  -      angle  and 

 angle  are  .  (2-9) 


14.  What  disadvantage  is  characteristic  of  a  semitransparent  mirror?  (2-10) 


15.  All  projected  images  must  operate  along  the  same  (2-11) 


16.  What  is  the  primary  functional  difference  between  projector  and  camera  lens  assemblies?  (2-12) 


17.  Lighting  methods  differ  according  to  the  application;  pictures  are  lighted  from  the 

 ^  ,  and  slides  are  lighted  from  the   .  (2-13) 


18.  List  the  five  factors  which  determine  the  amount  of  illumination  required  for  a  rear  screen 
projection.  (2-14) 


44i 


19.  Why  must  the  projection  screen  diffuse  light?  (2-20) 


20    When  selecting  u  projection  screen,  two  properties  that  you  should  consider  are  its  light 
 3njj  characteristics..  (2-21) 


21.   Give  the  symptom  for  each  of  the  following  discrepancies. 

;i.   Dirty  mirror. 
h.   Open  fuse. 
c.   Cloudy  lamp, 
d  Open  lamp, 
t .   Broken  mirror. 

/.   Too  much  angle  between  projector  and  screen. 

Dirty  lens. 
b.   Shorted  dimmer  control. 
(2-22-27) 


22.   Why  IS  it  so  important  to  keep  the  lens  and  mirror  surfaces  clean?  (2-23) 


23.  The  special  effects  generator  provides  a  _  signal  which  determines  the 

 video  signal  produced  by  the  —  ^'^'^> 


24.   Name  the  inputs  to  a  special  effects  generator.  (3-1.  fig.  6) 
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25.  What  change(s)  in  figure  8  are  necestjry  if  a  regenerative  clipper  incorporates  n-p-ii  ;rans!stors 
connected  for  C-E  operations?  How  is  the  output  signal  affected?  (3-4-7,  fig.  8) 


26.  Describe  the  input  to  a  regenerative  clipper  that  is  needed  to  produce  the  special  effects  pattern 
illustrated  in  figure  7,  A,  and  7,  D.  (3-8-10,  fig.  7) 


27.  Identify  four  pertinent  signals  that  are  formed  in  the  special  effects  generator.  (3-11) 


28.  What  waveform  is  absent  if  the  pattern  of  figure  7,  B,  is  seen  when  the  pattern  of  figure  7,C;  is 
selected?  Name  some  checks  that  can  be  made  to  locate  the  trouble  in  the  special  effects  system. 
(3-11,  12,  18,  figs.  7,  10,  12) 


29.  Sketch  a  block  diagram  showing  the  principal  sections  of  a  special  effects  amplifier. 
(3-14,  fig.  11) 


30.  From  figure  12  determine  whether  each  component  named  below  is  conducting  or  cut  off  when  the 
keying  signal  is  at  its  low  level. 

a.  Ql  

6.  D2  

c.  D3  

d.  Q5  '.  

e.  Q3  

(3-15.17,  fig.  12) 
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j1.  Explain  how  the  black  level  balance  corrects  for  undesirable  differences  between  thepicture  1 
and  picture  2  side  of  the  switching  network  shown  in  figure  12.  (3-18,  figs.  7.  12) 


32.  A  headset  is  working,  but  you  find  that  an  internal  spring  contact  is  weak.  You  replace  the 
contact.  What  type  of  maintenance  would  this  be?  (4-4) 


33.  A  normal  repair  procedure  for  repair  of  an  earpiece  or  a  microphone  is  to 
the  insert.  (4-5) 


34.  Draw  a  diagram  and  name  the  parts  of  an  intercom  system  necessary  to  provide  two-way 

communication  between  offices.  This  would  be  used  by  maintenance  personnel  for  adjusting 
CCTV  systems.  (4-8.  fig.  13) 


CHAPTER  2 

Objective:  To  describe  and  analyze  the  principles  and  procedures  required  to  operate,  align, 
adjust  audio  and  video  equipments  to  include  recorders,  film  projectors,  and  multiplexers. 

1.  The  three  functions  of  audio  tape  recorders  are  .  

and        ■   of  audio  frequencies.  (5-3) 


2.  The 


and  —  are  the  three 


main  sections  of  an  audio  tape  recorder.  (5-4) 
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3.  Explain  why  a  braking  facility  is  necessary  in  the  tape  transport  mechanism  of  an  audjo  tape 
recorder.  (5-6) 


4.  Explain  why  a  laminated  core  is  preferred  over  a  nonlaminated  one  in  the  construction  of  audio 
tape  recorder  heads.  (5-10) 


5.  Why  is  a  bias  oscillator  used  in  many  audio  tape  recorders?  (5-13,  16,  17) 


6.  Describe  the  purpose  of  equalization  in  an  audio  tape  recorder.  (5-21) 


7.  If  the  bias  oscillator  in  figure  20  of  the  text  failed,  what  would  be  the  audio  indication  on  a 
re-recorded  tape?  (5-25) 


8.  A  basic  difference  in  audio  and  video  heads  is  that  the  ^  is  a  moving  head 

assembly.  (5-30) 


9.  Much  of  the  electronic  circuitry  of  a  video  tape  machine  is  concerned  with 
systems.  (5-34.  40,  41,  45) 


8 


c 


C 


10. 


The  video  (ape  transport  must  be  mote  rigid  than  a  tape  transport  for  audio  only,  because  the 

video  tape  is  under  •  and  it  must  withstand  high  

stops.  (?-4l) 


II.  The  variable  oscillator  is  controlled  by  a  video  frequency  of 


.  to 


which  results  in  an  FM  recording.  (5-45) 


12.   Sometime!!  the  cause  of  a  weak  signal  on  playback  can  be  corrected  by  mechanically 
increasing  the  —clearance  of  the  special  tape  guide.  (5-47) 


13.  A. video  tape  could  be  partially  erased  through   of  the  recorded  tape.  (5-49) 


14.  List  the  basic  equipment  required  for  kinescope  recording  of  a  television  program.  (5-52) 


15.  With  reference  to  kinescope  recordings,  what  are  the  conversion  requirements  for  synchronization 
of  the  motion  picture  camera  with  the  television  system?  (5-59) 


16.  What  is  the  cycling  pulse  which  controls  the  synchronization  process  in  kinescope  recording? 
(5-63,  fig.  33) 
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17.  Differentiate  between  the  single-film  L.sterr  and  the  double-film  svstem  of  television  recording 
(5-68)  *  * 


18.  Maintenance  of  kinescope  recording  equipment  consists  chiefly  of  . 

than  maintenance.  (5-73) 


ither 


19.  What  are  the  basic  requirements  which  must  be  met  before  a  16mm  film  projector  is  considered 
compatible  with  the  television  system?  (6-2) 


20.  The  scanning  sequence  2-3-2-3  is  common  for  each 
 television  frames.  (6-4,  5) 


film  frames  and 


0 


21.  If  the  shutter  were  found  to  be  operating  when  pulldown  is  taking  place  and  the  image  is  being 
projected  during  vertical  blanking,  what  is  a  possible  cause  of  the  trouble?  (f>6.  7) 


22.  The 


 intermittent  is  best  for  use  with  damaged  film  while  the 

intermittent  extends  film  life.  (6-11) 


23.   Explain  why  various  cleaning  materials  must  be  used  in  different  sections  of  the  16mm  film 
projector.  (6-19) 
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2*.  Whv  would  ik  slide  proiector  with  dual  optical  paths  be  preferred  to  a  slide  projector  with  a  single 
optical  path?  (b-23) 


2S.  What  IS  the  most  efficient  method  of  transferring  light  from  one  optical  path  to  another  in  the 
dual  path  slide  projector?  (6-31) 


26.  Explain  why  periodic  maintenance  functions  are  important  for  slide  projectors.  (6-33,  34) 


27.   Name  the  primary  functions  of  a  vidicon  multiplexer.  (7-1,  11) 


28.  What  two  majoi  components  make  up  the  optical  path  of  the  multiplexer?  (7-8,  9) 


29.  If  you  cannot  move  the  mirror  illustrated  in  figure  41  of  the  text,  what  is  a  possible  cause  of  the 
problem?  (7-8.  10,  11) 


30.  Name  some  of  the  major  maintenance  requirements  of  a  multiplexer.  (7-16) 


11 


CHAPTER  3 


Objectives:  To  define  the  purpose  oi  certain  specialized  television  rest  equipment  and  to  interpret  the 
pattera.presentations  of  each. 

1.  The  monoscope  amplifier  is  actually  a  special  item  of  lest  equipment,  however,  its  circuits  are 
comparable  to  those  of  a   ^  ^  .  .  (8-1) 


2.   A  monoscope  amplifier  can  be  used  in  a  TV  system  to  provide  a  standardized 
(8-1) 


List  the  quality  checks  which  can  be  accompli.shed  by  using  the  monoscope  pattern  presentation. 
(8-5) 


4.   What  part  of  the  monoscope  test  pattern  is  used  to  check  streaking?  (8-8) 


5.  What  circuits  are  checked  and  adjusted  with  the  aid  of  the  grating  generator?  (9-2) 


6.   You  are  using  a  grating  generator  to  check  a  monitor  and  notice  that  the  aspect  ratio  is  comprt-ssed 
at  the  top  and  stretched  at  the  bottom.  This  will  require  adjustment  of  the 
(9-7) 
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7.  What  adjustment  of  a  color  monitor  can  be  made  with  the  aid  of  a  grating  generator?  (9-7;  10-15) 


8.  Adjusting  the  signal  clipper  bias  so  an  output  occurs  when  the  vertical  and  horizontal  pulses 
cross  will  result  in  a  —  pattern.  (9-8) 


What  piece  of  test  equipment,  in  addition  to  a  scope,  would  be  most  useful  when  checking  the 
frequency  response  of  a  linear  amplifier?  (9-10,11) 


10.  Which  item  of  test  equipment  would  you  use  to  make  an  operational  check  of  a  sync  generator? 
(9-12) 


11.  Look  at  the  pulse  cross  display  of  figure  52  and  determine  how  many  lines  of  video  are 
represented  by  F.  (9-16,  fig.  52) 


12.  Which  would  have  the  greater  picture  resolution-a  3-MHz  or  a  4-MHz  video  bandpass  system? 
(9-17) 


13.  List  the  Items  which  can  be  checked  with  the  aid  of  the  standard  resolution  chart.  (9- IS) 


4oO 
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14.  Which  standard  chart  would  you  use  in  conjunction  with  the  grating  generator  pattern  to  adjust 
linearity  and  aspect  ratio?  (9-25) 


15.  Match  the  item  of  test  equipment  to  the  associated  stem 

1 


Linearity  checker. 
Color*bar  generator. 
Color  signal  analyzer. 
Vectorscope. 


(10^2.  4,  8,  12) 


Provides  a  means  of  measuring  the  differential  gain 
and  phase  distortion  of  transmission  systems. 

2.  Provides  a  reference  signal  which  can  be  used  to 
check  many  aspects  of  color  receivers  and  monitors. 

3.  It  has  an  adjustable  phase-shifting  network  providing 
a  360^  (in  P  increments)  shift. 

4.  Produces  a  pattern  of  lines  and  dots  corresponding  to 
colors. 


CHAPTER  4 


Objectives:  To  recognize  and  specify  the  requirements  of  a  VHF  television  transmitting  system 
including  signal  characteristics,  transmitter  components,  special  filters,  transmission  lines,  and 
antennas;  to  identify  the  maintenance  requirements  of  VHF  television  transmitters;  and  to  identify, 
analyze,  and  state  the  maintenance  procedures  of  certain  sections  of  VHF  television  receivers. 

1.  A  basic  transmitter  is  nothing  more  than  an  ^  •  (11-2) 


2.  What  does  the  abbreviation  MOP  A  stand  for?  (11-4) 


3.  List  the  three  methods  of  coupling.  (11-5) 
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4.  To  achieve  a  uniform  response  to  a  small  band  of  frequencies,  would  you  choose  loose  coupling, 
close  coupling,  or  a  compromise  between  the  two?  (11-6) 


5.  Identify  the  transmitter(s)  necessary  to  initiate  a  complete  TV  broadcast.  (11-10) 


6.  Once  a  visual  transmitter  is  modulated,  all  the  following  amplifier  stages  must  be 
 in  operation.  (11-12) 


7.  How  many  MHz  wide  is  a  broadcast  TV  channel  that  carries  both  the  aural  and  visual  signals? 
(11-13) 


8.  What  are  the  stability  requirements  for  visual  and  aural  carrier  signals?  (11-13) 


9.  State  the  difference  between  co-channel  and  adjacent-channel  stations.  (11-15) 


10.  What  equipment  is  used  between  the  final  r-f  stage  and  antenna  system  to  suppress  the  unwanted 
sideband  of  a  TV  signal?  (11-17) 
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11.  What  is  the  difference  in  center  frequency  deviation  used  for  FM  radio  broadcasting  afid  TV  aural 

signal?  (11.27)  -  f 


12.  Srate  the  basic  function  of  a  diplexer.  (11-28) 


13.  One  advantage  of  negative  transmission  is  that  "noise"  produces  streaks 

or  spots.  (11-31) 


14.  If  you  are  tuning  a  stage  and  cannot  get  a  ''dip''  on  a  cathode  meter,  what  would  you  check  first' 
(11-33-37) 


15.  What  one  term  would  best  describe  the  difference  between  a  monochrome  and  a  color  transmitter? 
(11-40) 


16.  Why  is  a  transmission  line  which  is  efficient  for  low-band  VHF  operation  not  also  efficient  for 
UHF  operation?  (12-7) 


17.  Compare  and  analyze  VHF  TV  transmitting  and  receiving  antennas  with  respect  to  the  following 
characteristics:  (a)  polarization,  (b)  bandwidth,  (c)  directivity,  (d)  gain,  and  (e)  insulation 
requirements.  (12-11-26) 
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18.  Explain  how  the  center  input  impedance  of  a  folded  dipole  antenna  compares  with  that  of  a  basic 
dipole  antenna.  (12*14,  15) 


19.  How  may  the  bandwidth  of  a  dipole  antenna  be  increased?  (12-21) 


20.  Why  is  it  generally  desirable  to  mount  TV  transmitting  and  receiving  antennas  as  high  as  is 
economically  and  structurally  practical?  (12*24) 


21.  Although  it  is  desirable  that  the  antenna  impedance  equal  the  impedance  of  the  TV  receiver,  it  is 
more  important  that  the  characteristic  impedance  of  the  transmission  line  match  the  impedance  of 
the  (12-27,  28) 


22.  A  balun  is  a  device  used  to  convert  to  feed 

systems,  or  vice  versa.  (12-29-31) 


23.  Describe  the  electrical  characteristics  of  a  Yagi  antenna.  (12-34) 


24.  The  fanned  type  conical  antenna  is  a  popular  (broad/narrow)  band  VHF  TV  (transmitting/ 
receiving)  antenna.  ( 12-37) 
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23.  What  makes  it  possible  to  predict  the  operatic;:al  characteristics  of  a  log-periodic  antenna  for  ..-^ 
many  frequencies  ii  the  characterisitcs  of  one  period  of  frequency  are  known?  {12-38) 


26.  What  are  the  advantages  of  the  supeiturnstile  antenna  compared  to  the  basic  turnstile  antenna? 
(12-41-44) 


27.  The  antenna  shown  in  figure  83  in  the  text  uses  the  slot  radiation  principle.  How  does  it  get 
name  ''traveling  wave"?  (12-45,  46) 


28    Assuming  that  a  radiation  pattern  in  the  normal  mode  (perpendicular  to  the  antenna  axis)  is 

desired  from  a  helical  antenna,  tht;  helix  dimensions  should  be  (large/small)  in  comparison  with 

a  wavelength.  (12-48)  J 


29.  Generally  speaking,  the  requirements  of  an  antenna  for  color  TV  reception  are  quite  (different 
from/similar  to)  those  for  black  and  white  TV  reception.  (12-51-53) 


30.  List  the  sections  of  a  VHF  TV  receiver.  (13-2) 


31.  State  the  function  of  the  fine  tuning  control.  (13-9) 
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32.  Which  would  normally  be  the  best  configuration  for  r»f  and  i-f  frequency  modulation:  a  common- 
base  (CB).  a  common-emitter  (CE),  or  a  common-collector  (CC)  amplifier?  (13-12) 


33.  If  you  substitute  an  n-p-n  type  transistor  for  a  p-n-p  type  transistor,  what  else  must  also 
be  changed?  (13-17)  '  ' 


34.  What  are  the  undesirable  characteristics  of  a  diode  detector?  (13-24) 


35    A  discriminator  circuit  is  used  in  conjunction  with  what  signal?  (13-25) 


36.  Maintenance  of  a  TV  receiver  means  its  care  and  upkeep;  also  included  is  the 
.    (13-28) 


37.  Give  a  logical  procedure  for  finding  a  faulty  component  in  a  TV  receiver.  (13-28-30) 


38.  List  the  basic  differences  in  monochrome  and  color  TV  receivers.  (13-31) 
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CHAPTFP  5 


Objectives:  To  describe  the  requirements  of  a  UHK  transmission  system  including  transmitters, 
antennas,  microwave  relay  and  special  receiver  compcnenis;  to  identify  and  stott?  the  maintenance 
requirements  of  UHF  transmitters  and  receivers. 

1.  UHF  equipment  used  for  TV  broadcast  covers  what  range  of  frequencies-"  (14-2) 


2.   List  the  microwave  frequency  bands  available  to  be  used  in  conjunction  with  TV  signal  relay 


3.   What  is  the  distinguishing  characteristic  of  an  amplifier  which  makes  use  of  distributed 
properties?  (14-11) 


4.   List  the  basic  microwave  equipment  necessary  to  relay  TV  signals  from  a  studio  to  a  remote 
transmitter.  (14-21) 


5.   The  electron  beam  in  a  klystron  is  modulated  by  varying  the  electron 
(14-23) 


6.   What  causes  an  electron  to  reverse  its  direction  of  travel  in  a  reflex  klystron?  (14-27) 


45  7 


20 


7.  Fine  tuning  of  a  klystron  can  be  accomplished  by  a  slight  change  in 
(14-30) 


8.  Where  would  you  apply  the  multiplexed  aural  and  visual  signal  to  a  klystron?  (14-32) 


9.  Why  is  UHF  and  microwave  equipment  sometimes  more  difficult  to  maintain  than  equipment 
operating  at  lower  frequencies?  (14-33) 


10. 


Give  a  possible  cause  for  a  change  in  cavity  resonance  during  normal  operation.  (14-33) 


11.  Describe  the  directivity  and  gain  characteristics  of  a  corner  reflector  antenna  used  for  UHF  TV 
reception.  (15-6) 


12.  The  basic  V-type  antenna  is  a  (broad/narrow)  band,  (omnidirectional/bidirectional/unidirectional) 
antenna  capable  of  covering  both  VHF  and  UHF  bands.  (15-8,  9) 


13.  The  bow-tie  antenna  is  a  (broad/narrow)  band,  unidirectional  antenna  which  provides  satisfactory 
UHF  TV  reception  in  (weak/strong)  signal  areas.  (15-10,  11) 
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14.  Why  are  parabolic  reflectors  generally  u-ied  in  TV  microwave  relay  systems  rather  than^n  VHP 
and  UHF  TV  systems?  (15-12,  13) 


15.  The  slotted  loop  (slotted  ring)  antenna  is  generally  used  as  a  high-band  VHP  and  UHP  TV 
(transmitting/^ receiving)  antenna.  (15-18) 


16.  How  can  the  gain  of  the  slotted  loop  antenna  be  increased?  (15-21) 


17.  How  do  UHP  and  VHP  antennas  compare  with  respect  to  size,  bandwidth,  and  impedance 
matching  requirements?  (15-25,  26) 


18.  Explain  the  various  ways  in  which  the  use  of  waveguides  increases  the  efficiency  of  microwave 
transmission.  (15-27) 


19.  When  using  the  double  conversion  method  with  UHP  TV,  how  many  oscillators  are  necessary? 


20.  How  is  the  capacitance  changed  during  alignment  of  a  UHP  tuner  to  insure  proper  tracking? 


(16-3) 


(16-6) 
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21.  Give  a  basic  description  of  a  microwave  receiver.  (16-7) 


22.  How  IS  the  noise  removed  from  the  microwave  receiver?  (16-8) 


23.  What  type  of  tube  is  frequently  used  for  a  local  oscillator  in  a  microwave  receiver?  (16-9) 


24.  A  common  consideration  when  selecting  tubes  or* transistors  is  their 
(16-10) 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 
CHAPTER  i 

1.  1.  a. 

2.  b. 

3.  c. 

(1-3-6) 

2.  Stronger.  (1-9,  10.  fig.  1) 

3.  Image  orthicon.  (1-11) 

4.  Incandescent.  (1-12) 

5.  Control  the  lighting.  (1-13,  16) 

6.  Zoom.  (1-20,  22) 

7.  Front  and  rear  screen  projectors,  semitransparent  mirrors,  scroll,  and  cue  cards.  (2-2) 

8.  Scroll,  d-c  amplifiers,  control  section/power  supply,  and  remote  control.  (2-3) 

9.  D-c  synchronous  motor,  gear  train,  reels,  and  paper.  (2-3) 

10.  Clean  and  inspect  the  equipment,  and  replace  or  repair  all  defective  components.  (2-5) 

11.  Dirty  relay  contacts,  Kl.  (2-6,  fig.  3) 

12.  Horizontal,  vertical.  (2-8) 

13.  Incidence,  reflection,  equal.  (2-9) 

14.  Absorption.  (2-10) 

15.  Optical  axis.  (2-11) 

16.  Projector  lenses  are  not  required  to  control  light  quantity,  whereas  camera  lenses  do  control  light 
quantity.  (2-12) 

17.  Front,  rear.  (2-13) 

18.  a.  Front  light. 

6.   Slide  density. 

c.  Type  of  scene. 

d.  Screen  size. 

e.  Fall-off. 
(2-14) 

19.  So  light  will  not  pass  directly  through  the  screen  and  into  the  camera  lens.  (2-20) 

20.  Absorption,  reflection.  (2-21) 

21.  a.  Low  light  level. 
6.   No  power. 

c.  Low  light  level. 

d.  No  light  from  that  stage. 

e.  No  image  from  that  stage. 
Keystone  effect. 

g.  Low  light  level. 

A.  Maximum  light  with  no  control  over  brightness. 
<2.22.27) 
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22.  Dirt  decreases  efficiency.  (2-23) 
^  23.  Keying,  montage,  special  effects  amplifier.  (3-1) 

24.  Horizontal  and  vertical  drive  signals.  (3-1,  fig.  6) 

25.  Polarity  of  biases  must  be  changed  to  positive  if  n-p-n  transistors  are  employed  in  figure  8.  The 
'  d-c  reference  level  of  the  output  signal  becomes  positive,  but  the  waveforms  and  phase  relation- 

ships  are  unaffected.  (3-4-7,  fig.  8) 

26.  To  produce  the  keying  signal  (square  wave)  for  the  pattern  in  figure  7.A.  the  regenerative  clipper 
is  driven  with  a  sawtooth  having  the  horizontal  scan  frequency.  For  the  pattern  in  figure  7.D,  a 
triangular  signal  having  the  horizontal  scan  frequency  combined  with  »  "wtooth  having  the  field 
scan  frequency  must  be  used  as  the  input  to  the  regenerative  clipper.  (3-8-10.  fig.  /) 

27.  a.  Triangular  lS.7S-kc  signal. 

b.  Sawtooth  lS.7S-kc  signal. 

c.  Triangular  60-cps  signal. 

d.  Sawtooth  60-cps  signal. 
(3-11) 

28    The  pattern  in  figure  7.C.  needs  both  a  horizontal  and  vertical  sawtooth  signal  to  produce  the 
'  keying  signal,  whereas  the  pattern  in  figure  7.B.  is  produced  when  only  a  vertical  sawtooth  is 
used  For  these  reasons,  the  trouble  described  indicates  the  absence  of  the  horizontal  sawtooth 
input'  to  the  regenerative  clipper.  To  locate  the  trouble,  select  on  the  S^E  generator  panel  the 
pattern  in  figure  7. A.  If  pattern  appears,  the  selector  circuit  for  figure  7.C.  is  ^^^''^-  ^rt^!^ 
is  blank,  check  the  keying  signal  input  to  the  special  effects  generator.  A  normal  ^^^'^^  1°^^^^'- 
the  trouble  in  the  switcher  section  of  the  S.E.  amplifier;  no  signal  means  S.E.  generator  trouble 
Observe  waveform  at  TP2  in  figure  10.  If  normal,  check  output  of  Kl.  No  signal  at  TP2  localizes 
the  trouble  to  the  H-sawtooth  generator.  (3-11.  12.  18.  figs.  7,  10,  12) 
^  29.  Check  your  sketch  with  figure  11.  (3-14.  fig.  II) 

30.  a.  Conducting. 

b.  Cut  off. 

c.  Conducting, 
d  Cut  off. 

e.  Conducting. 
(3-15-17.  fig.  12) 

31.  Theblacklevel  balance  adjust  (fig.  7)  changes  the  bias  of  Ql  and  Q2  oppositely  until  both 
conduct  equally.  (3-18,  figs.  7,  12) 

32.  Preventive  maintenance;  an  actual  breakdown  has  not  occurred.  (4-4) 

33.  Replace.  (4-5) 

34.  See  figure  13  and  use  only  one  headset  and  microphone  in  each  place  or  use  the  telephone  which 
would  be  the  same  circuit.  (4-8,  fig.  13) 

CHAPTER  2 

1.  Recording,  erasing,  playing  back.  (5-3) 

2.  Transport  mechanism,  heads,  electronics.  (5-4) 

3.  To  keep. the  tape  from  becoming  tangled.  (5-6) 

4.  Reduction  of  magnetic  losses  due  to  eddy  currents,  thus  better  response  to  high  frequencies. 
(5-10) 
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5.  Tc  provide  a  high  fif*auer:cy  for  tape  er.is;-,:  and  !  .»  sarve  as  a  rource  of  bias  current  foidhc 
recotd  head  so  tha:  it        operate  on  the  nn^.^r  pv)f;ion  oi  it's  curve.  (5-13.  !6,  17.) 

6.  To  equalize  the  voltages  of  high  and  io.v  frequencies..  (5-21; 

7.  The  old  signal  would  not  be  eras-jd.  The  new  sienal  would  be  v.'eak  and  disiortijd.  (5-25) 

8.  Video.  (5-30) 

9.  Servo.  (5-34.  40.  41,  45) 

10.  Greater  tension,  :;peed.  (5-41) 

11.  D-c  to  4  MHz.  (5-45) 

12.  Negative.  (5-47) 

13.  Rough  handling.  (5-49) 

14.  a.  A  television  monitor. 

6.   A  motion  picture  camera, 
c.   A  sound  camera  or  recorder. 
(5-52) 

15.  Conversion  of  30  television  frames  to  24  motion  picture  fra.Ties.  (5-59) 

16.  An  electronic  pulse  from  the  recording  camera.  (5-63,  fig.  33) 

17.  a.   Single-film  system:  sound  and  picture  recorded  on  sa.Tie  camera  film. 
6.   Double-film  system:  sound  and  picture  recorded  bv  separate  cameras. 
(5-68) 

18.  Preventive,  corrective.  (5-73) 

19.  Conversion,  synchronization,  and  adaptability  of  the  projection  cycle.  (G^'2) 

20.  4,  5.  (6-4,  5) 

21.  A  defective  synchronizing  waveform  generator  or  a  defective  unique-phase  synchronous  motor. 
(6-6,  7) 

22.  Claw,  sprocket.  (6-11) 

23.  Some  sections  and  components  are  delicate,  \vhile  others  are  very  sturdy.  (6-19) 

24.  Provides  more  versatility.  (6-23) 

25.  A  sliding  mirror.  (6-31) 

26.  To  prevent  malfunctions  and  thus  insure  optimum  operation.  (6-33,  34) 

27.  Select  or  mix  the  output  from  several  inputs  and  thus  provide  more  versatility.  (7-1,  II) 

28.  Field  lens  and  mirrors.  (7-8,  9) 

29.  A  defective  solenoid  or  gear  train.  (7-8,  10,11) 

30.  Clean,  lubricate,  and  inspect.  (7-16) 

CHAPTER  3 

1.  Film  camera.  (8-1) 

2.  Test  pattern.  (8-1) 
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3.  ti.   Resolution  capabilities. 

6.   Low-frequency  phase  shift. 

c.  Contrast. 

c/.   Deflection  linearity. 

c.  Transmitter  quality  and  performance  tests. 

/.   Receiver  performance. 

(8-5) 

4.  Horizontal  lines  beneath  the  center  circle.  (8-8) 

5.  Deflection  circuits.  (9-2) 

6.  Vertical  linearity.  (9-7) 

7.  Convergence.  (9-7;  10-15) 

8.  Dot.  (9-8) 

9.  Sweep  marker  generator.  (9-10,  11) 

10.  Pulse  cross  display.  (9-12) 

11.  Three  (since  a  video  scan  is  IH  and  F  represents  3H).  (9-16,  fig.  52) 

12.  4  mc.  (9-17) 

13.  a.  Resolution. 

6.   Geometric  distortion, 
c.   Aspect  ratio, 
d   Shading  uniformity. 
t\  Streaking. 

/.  Grayscale  reproduction. 

Interlace. 
h.  R-f  interference. 
I.   Frequency  response. 

Brightnes'v. 
(9-18) 

14.  Standard  linearity  chart  (by  focusing  the  camera  on  this  chart  and  superimposing  the  grating 
pattern  on  the  presentation).  (9-25) 

15.  a.  1. 
6.  2. 
c.  3. 
d  4. 

(10-2.  4.  8,  12) 


CHAPTER  4 


1.  Oscillator  connected  to  an  antenna.  (11-2) 

2.  Master  oscillator  power  amplifier.  (11-4) 

3.  a  Capacitive. 
6.  Inductive, 
c.  Link. 
(11-5)  ^ 


4.  Compromise  of  the  two  methods.  (11-6) 

5.  u^,s  necessary  to  have  an  AM  visual  transmitter  and  an  FM  aural  transmitter.  (IMO) 


8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 


Linear.  (11-12) 
6  MHz.  (11-13) 

Visual  is  ±1000  Hz  and  the  aural  is  rlOOG  Hz.  (11-13) 

Co-channel  stations  are  two  stations  on'the  same  frequency,  while  atijacori  chiumfl  sl^^tIon^; 
are  two  stations  adjacent  in  frequency.  (11-15) 

Vestigial  sideband  filter.  (11-17) 

50  KHz.  (11-27) 

A  diplexer  enables  the  transmission  of  multiple  signals  by  one  antenna.  (11-28) 
Black.  (11-31) 

Check  to  see  if  you  have  drive  from  the  preceding  stage.  Then,  if  necessarv,  check  the  stage 
which  you  are  tuning.  (11-33-37) 

Tolerance  limits.  (11-40) 


With  an  increase  in  frequency, 

transmission  line  losses 

increase.  (12-7) 

CAaracfer/sf/c 

Transmittini  Antenna 

RiH'L'ivtn^  Antvnna 

a.  Polarization. 

Horizontal. 

Horizontal. 

6.  Bandwidth. 

6  mc. 

Minimum  of  6  mc  (often  much 

wider). 

c.  Directivity. 

Omnidirectional. 

Unidirectional. 

<y.  Gain. 

Good. 

Excellent. 

e.   Insulation  requirements. 

Critical. 

Not  a  matter  of  concern. 

18. 

19. 
20. 


21. 

22. 
23. 

24. 
25. 

26. 

27. 
28. 
29. 
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(12-11-26) 

The  center  input  impedance  of  the  folded  dipole  is  greater  than  that  of  a  basic  dipole;  each 
additional  conductor  of  a  folded  dipole  further  increases  the  center  input  impedance  of  the 
antenna.  (12-14,  15) 

By  using  antenna  wire  with  increased  diameter,  by  slacking  dipoles  one  above  the  other,  or  by 
using  a  folded  dipole.  (12-21) 

a.   By  mounting  transmitting  and  receiving  antennas  at  increased  heights,  the  line-of-stght 

distance  between  them  can  be  extended. 
L   Increasing  the  height  of  a  receiving  antenna  generally  places  it  m  an  area  of  stronger  field 

strength.  (12-24) 

Receiver.  (12-27,  28) 
Balanced,  unbalanced.  (12-29-31) 

The  electrical  characteristics  of  a  Yagi  antenna  are  high  gain,  unidirectional,  good  front-to-back 
ratio,  and  relatively  narrow  bandwidth;  it  is  also  used  as  a  TV  receiving  antenna.  (12-34) 

Broad;  receiving.  (12-37) 

Because  its  input  impedance,  radiation  pattern,  and  active  elements  repeal  periodicallv  as  a 
function  of  the  logarithm  of  frequency.  (12-38) 

The  stacked  radiating  elements  of  the  superturnstile  antenna  have  higher  ^atn.  increased  vertical 
directivity,  and  wider  bandwidth  than  has  the  basic  turnstile  antenna.  (12-41-44) 

From  the  way  the  slots  in  the  antenna  are  fed.  (12-45,  46) 

Small.  (12-48) 

Similar  to.  (12-51-53) 
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30.  a.  R-f. 
6.  I-f. 

c.  Video. 

d.  Sync  separator. 

e.  Vertical  sweep. 

/.   Hovizontal  sweep. 

High  voltage. 
A.  Low  voltage, 
i.   Automatic  gain  control  (age). 

Audio. 
(13.2) 

31.  The  fine  tuning  control  varies  the  local  oscillator  frequency,  thus  centering  the  incoming  signal 
for  proper  bandpass.  (13*9) 

32.  CB  is  generally  preferred  due  to  stability,  controlled  gain,  and  interchangeability.  (13*12) 

33.  The  d-c  polarities  must  also  be  reversed.  (13-17) 

34.  No  power  gain  and  selectivity  are  affected  by  loading.  (13-24) 

35.  This  is  the  detector  for  the  FM  signal  which  is  the  audio  portion  of  TV  broadcasting.  (13-25) 

36.  Troubleshooting  and  repair  of  equipment.  (13-28) 

37.  a.   Determine"  if  visual,  aural,  or  both  are  affected. 
6.   Determine  the  section  or  circuit  group. 

c.  Isolate  to  a  specific  stage  or  circuit, 
d  Locate  the  faulty  component. 
(13-28-30) 

38.  a.  Color  synchronizing  section. 

6.  Demodulation  (chrominance)  section. 

c.  Matrix  section. 

(13-31) 

CHAPTER  5 

1.  470-MHz  to  890-MHz  range.  (14-2) 

2.  a.   1990  MHz  to  2110  MHz  (2000uMHz  band). 
6.  6925  MHz  to  7050  MHz  (7000.MHz  band). 

c.  13,025  MHz  to  13,200  MHz  (13,000.MHz  band). 

d,  890.5  MHz  to  910.5  MHz  (900-MHz  band  for  audio  only). 
(14^) 

3.  The  amplifier  is  so  designed  that  the  materials  used  in  its  construction  make  up  circuit 
components.  (14-11) 

4.  a.   A  microwave  transmitter. 

6.   A  transmitting  antenna  system, 
c.   A  receiving  antenna  system, 
d   A  microwave  receiver. 
(14-21) 

5.  Velocities.  (14-23) 

6.  The  electron  which  leaves  the  cathode  approaches  the  repeller  plate  which  is  more  negative  than 
the  electron;  the  like  charges  repel  and  the  electron  travel  is  reversed.  (14-27) 

7.  Repeller  voltage.  (14-30) 

29 


466 


3.   Apply  the  signal  to  the  klystro:i  repeller  and  thus  modulate  the  output.  (14-32) 

9.  UHF  and  microwave  equipment  is  more  d iff' cult  to  R*aintain  because  the  circuits  are  more 
critical  and  may  be  influenced  bv  such  things  r,s  dust,  lint,  temperature  changes,  and  voltage 
variations.  (14-33) 

10.  The  tuning  cavity  can  have  its  capaciiance  and  thus  its  resonance  changed  by  any  particle 
carried  into  it  by  the  cooling  system.  (14-33) 

11.  The  UHF  corner  reflector  antenna  is  unidirectional,  with  maximum  signal  radiated  in  line  with  the 
bisector  of  the  corner  angle.  It  has  excellent  gain  over  most  of  the  UHF  spectrum.  (15-6) 

12.  Broad;  bidirectional.  (15-8,  9) 

13.  Broad;  strong.  (15-10,  11) 

14.  Microwave  transmission  is  usually  between  two  points;  therefore,  it  is  directive.  The  properties 
of  microwave  energy  approach  those  of  light  waves;  therefore,  microwaves  can  be  easily 
concentrated  into  a  tight  beam.  Also,  antenna  structure  is  bulky  for  the  lower  frequencies. 
(15-12,13) 

15.  Transmitting.  (15-18) 

16.  By  stacking  identical  bays  one  above  the  other.  (15-21) 

17.  UHF  antennas  are  smaller.  UHF  antennas  have  broader  bandwidth.  (They  are  shorter  in  length; 
therefore,  they  have  a  smaller  length-to-diameter  ratio.)  Impedance  matching  should  be  more 
carefully  considered  in  UHF  antenna  systems  because;  transmission  line  losse?  are  greater  at 
the  higher  frequencies.  (15-25,  25) 

18.  Microwave  transmission  efficiency  is  increased  when  waveguides  are  used  because  radiation 
losses  are  less,  copper  losses  are  less,  dielectric  losses  are  less,  and  power-handling  capability 
is  greater.  (15-27) 

19.  Two.  (16-3) 

20.  By  bending  the  tabs  located  in  the  tuner.  (16-6) 

21.  A  microwave  receiver  is  basically  an  FM  superheterodyne  receiver  with  several  stages  of  i-f 
amplification.  (16-7) 

22.  The  i-f  signal  is  passed  through  clipper  stage(s)  to  remove  noise.  (16-8) 

23.  Klystron.  (16-9) 

24.  Transit.  (16-10) 
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VOLUME  REVIEW  EXERCISE 


Cdrvlullv  read  the  following: 


I.   Check  the  '^course."  ^'volume."  and  ^^forrn"  numbers  from  the  answer  sheet  address  tab  against 
the  "VRK  answer  sheet  identification  number"  m  the  righthand  column  of  the  shipping  list.  If 
number,  do  not  match,  take  action  to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immedi- 
atelv  with  a  note  of  explanation. 

J     Not.;  that  numerical  sequence  on  answer  sheet  alternates  across  from  column  to  column. 
Use  uiih  medium  sharp  -l  black  lead  pencil  for  marking  answer  sheet. 

4.  Use  a  clean  era.ser  for  anv  answer  sheet  changes,  keeping  erasures      a  minimum. 

5.  Take  action  tf)  return  entire  answer  sheet  to  ECI. 

6..  Keep  Volume  Review  E.xercise  booklet  for  review  and  reference. 

7.    If  rMior^Ui  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 

supervisor.  - 
MxnlunUiulx,  enrolled  student,  send  questions  oc  comments  to  ECI  on  LCI  Form 

/(O.VT.V. 

1.  Don-,  use  .nswer  sheet,  oth.-r  th.n  one  turn.shed  spec.ficallv  tor  each  r.n.ew  exercse. 

2.  Don't  m.rk  on  the  answer  sheet  except  to  f.U  .n  mnrk.ns  blocks.  Double  marks  or  excessive 
mi.rkinKS  which  ..vertl.r.v  murking  blocks  Will  register  us  errors. 

.V   Don't  fold,  spindle,  stuple.  tapt-.  or  mutih-te  the  ..nswer  .sheet. 

4.    Don't  use  ink  or  dnv  mi.rking  other  than  with  a  "1  black  lead  pencil. 

V,,/,    The  3-d.*4.<  number  in  parenthesis  immed.atelv  following  each  item  number  in  this  Volurne 
R^.ew  K.xerc  se  represents  a  Gu.de  Num'oer  ,n  the  Study  Reference  Guide  which  in  turn  indicates 
The  are  .  of  the  text  where  the  answer  to  that  item  can  be  found,  For  proper  use  of  these  Guide 
NuVberL  :!  assisting  vou  with  vour  Volume  Review  E.xerc.se.  read  carefuUv  the  instructions  m 
the  heading  of  the  Studv  Reference  Guide. 
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MuK.pie  Choice 


Mote:  The  iirst  three  irems  m  this  exercise  ?.re  b.jseci  on  instructions  that  weie  included  with  ycir 
course  materials.  The  correctness  or  incorrectness  of  your  answers  to  these  i'orr\s>  will  be  reflected  iti 
your  total  score.  There  are  no  Study  Reteri?r'<-e  Guide  ^i;b.iect-area  nurr.hern  for  these  tirsi  three  items. 

1.  The  form  number  of  this  VRE  (oi  CE)  must  match 

a.  my  course  number.  c.   the  form  number  on  the  answer  sheet. 

b,  the  number  ot  the  Shipjjing  List.  d.   my  course  volume  number. 

2.  So  that  the  electronic  scanner  can  properly  score  my  answer  sheet,  I  must  mark  my  answers  with  u 

a.  pen  with  blue  ink.  c.   number  1  black  lead  pencil. 

b.  ball  point  or  liquid-lead  pen.  d.   pen  with  black  ink. 

3.  If  I  tape,  staple  or  mutilate  my  answer  sheet;  or  if  I  do  not  cleanly  erase  when  I  make  changes  on 
the  sheet;  or  if  I  write  over  the  numbers  and  symbols  along  the  top  margin  of  the  sheet, 

a.  I  will  receive  a  new  answer  sheet. 

b.  my  answer  sheet  will  be  unscored  or  r.cored  incorrectly. 

c.  I  will  be  required  to  retake  the  VRE  (or  CE). 

d.  my  answer  sheet  will  be  hand-graded. 

Chapter  1  'v. 

4.  (202)  What  is  the  purpose  of  the  special  effects  generator? 

a.  To  produce  a  montage  display. 

b.  To  produce  a  keying  signal. 

c.  To  make  it  possible  to  receive  two  picture  signals  simultaneously. 

d.  To  combine  the  picture  signals  and  montage  display. 

5.  (200)  What  are  the  four  major  types  of  lighting  used  in  television? 

a.  Base,  key,  fluorescent,  and  incandescent  lighting. 

b.  Base,  fill,  fluorescent,  and  effects  lighting. 

c.  Base,  fill,  effects,  and  incandescent  lighting. 

d.  Base,  fill,  key,  and  effects  lighting. 

6.  (202)  How  do  the  waveshapes  and  frequencies  of  the  signals  at  TPS  and  TP4  of  the  special 
effects  generator  compare  with  those  at  TPl  and  TP2? 

a.  The  waveshapes  and  frequencies  are  the  same  as  those  at  TPl  and  TP2. 

b.  The  waveshapes  are  the  same  as  those  at  TPl  and  TP2.  but  the  frequency  of  the  signals  is 
different. 

c.  The  waveshapes  are  different,  but  the  frequencies  are  the  same  as  those  at  TPl  and  TP2. 

d.  Both  the  waveshapes  and  frequencies  are  different  from  those  at  TPl  and  TP2. 

7.  (201)  What  sections  make  up  the  scroll  TV  prompter? 

a.  Scroll,  control,  power  supply,  and  gear  train. 

b.  Scroll,  power  supply,  amplifier,  and  gear  train. 

c.  Scroll,  control,  amplifier,  and  remote  control, 
d  Scroll,  t^mplifier,  power  supply,  and  control. 
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8.  (202)  What  components  conduct  on  the  high-level  alternation  o£  the  special  effects  keying  signal 

in  the  special  effects  amplifier? 

(  a.  Q4.  Q5.  Dl.  and  D2.  c.  Q4,  Ql,  D3,  and  D4. 

b.  Q4,  Q5.  D2.  and  D3.  d.  Q4.  Q5,  Q3,  and  P3. 

9.  (200)  How  is  the  TV  light  source  effectively  controlled? 

a.  By  placement  of  the  lights,  size  of  the  lights,  and  individual  dimmers. 

b.  By  individual  dimmers,  individual  switches,  placement,  and  patching  of  the  light  facilities. 

c.  By  individual  and  group  dimmers,  individual  and  master  switches,  and  size  of  the  lights. 

d.  By  individual  and  group  dimmers,  individual  and  master  switches,  and  patching  facilities. 

10.  (201)  What  operating  controls  could  make  the  rear  screen  projector  more  versatile  and  flexible  in 
its  operation? 

a.  Dimmers,  cr?^v.  l  mechanisms,  light  switches,  iris  controls  ,  and  semi  transparent  mirrors. 

b.  Dimmers,  wipc/s.  light  switches,  and  semitransparent  mirrors. 

c.  Dimmers,  crawl  mechanisms,  light  switches,  iris  controls,  and  wipers. 

d.  Difnmers.  wipers,  light  switches,  and  semitransparent  and  front  surface  mirrors. 

11.  (201)  Why  are  the  troubleshooting  and  xepair  functions  encountered  in  the  rear  screen  projector 
relatively  simple  in  nature? 

a.  Because  few  components  become  defective. 

b.  Because  all  of  the  components  are  stationary. 

c.  Because  few  of  the  components  are  movable. 

d.  Beqause  of  its  design  simplicity. 
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12.  (202)  What  determines  the^ r^g^/)lerative  clipper's  rapid  switching  action? 

a.  The  input  signal.  '        '  c  The  collector  voltage. 

b.  The  threshold  potential.  d.  The  regenerative  feedback. 

Chapter  2 

13.  (207)  The  basic  equipment  required  for  kinescope  recording  of  a  television  program  must  include 

a.  TV  monitor,  video  camera,  siund  camera  recorder. 

b.  TV  monitor,  video  amplifier,  video  camera. 

c.  TV  monitor,  video  amplifier,  audio  amplifier. 

d.  TV  monitor,  video  camera,  audio  ai.iplifier. 

14.  (207)  When  the  shutter  of  the  kinescope  recording  camera  is  controlled  electronically,  what  is 
the  duration  of  the  blanking  pulse  output  from  the  shutter  gate  generator? 

a.  ^4  second.  c.  second. 

b.  So  second.  d.  second. 

15.  (210)  What  unit  provides  for  mixing  several  video  inputs  to  produce  one  output  for  the  camera? 

a.  Dual-optical  slide  projector. 

b.  Vidicon  multiplexer. 

c.  Video  recorder-reproducer. 

d.  Video  distribution  system  stabilizing  amplifier. 
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16.  (204)  The  erase  head  of  an  audio  tap*:-  r*rcorder  f<jls  to  t-rase  the  previous  rcroidinc  v.h'.-n  u  nt  v; 
recording  is  made.  Which  of  the  following  ii-  ;»  pos:-.ible  crius'j-' 

a.  Tape  and  heads  are  out  of  nlignrrent. 

b.  Capstan  aftd  capstan  pressure  roller  are  out  o:  iiiignmer.t. 

c.  Transport  mechanism  is  inoperative. 

d.  Record  head  is  inoperative.. 

17.  (206)  Which  of  the  following  represents  a  major  maintenance  problem  of  a  traverse 
video  tape  recorder? 

a.  Lubrication.  c.   Head  tip  wear. 

b.  Tube  replacement.  d.  Equalization. 

18.  (206)  The  relationship  between  wa>'elength,  frequency,  and  tape  velocitv  is  expressed  bv  the 
formula  A  r-      ,  What  occurs  to  the  wavelength  if  the  frequency  increases  uri  the  \ek;cuy  remci;:is 
constant? 

a.  It  decreases.  c.  It  increases  in  length. 

b.  It  remains  the  same.  d.   It  disappears. 

19.  (210)  Which  ot  the  following  is  a  maintenance  requirerr.ent  of  a  multiplexer- 

a.  Lubrication  of  focal  throw.    *  c.  Inspection  of  optical  plane. 

b.  Adjustment  of  mirror  transparency.  d.   Cleaning  of  mirrors. 

20.  (207)  When  the  shutter  of  the  kinescope  recording  camera  is  controlled  electronicalh  ,  whut  is  tiie 
frequency  of  the  cycling  pulse?  - 

a.  30  pulses  per  second.  c.  second. 

b.  24  pulses  per  second.  d.  second. 

21.  C205)  Which  of  the  following  features  is  employed  in  the  construction  of  tape  heads  to  reduce 
high-frequency  losses? 

a.  Laminated  core.  '  c.  Magnetic  filled  gap. 

b.  Circular  shape.  •  d.   Hard  steel. 

22.  (209)  The  more  efficient  way  to  transfer  light  from  one  optical  path  to  another  in  a  duai-opliciil 
slide  projector  is  to  use 

a.  two  projection  lamps.  c.   a  rotating  slide  mag^j;;ine. 

b.  a  sliding  mirror.  d.   an  adjustable  prism. 

23.  (206)  What  circuitry  is  used  to  maintain  constant  tape  and  rotating  head  speed  and  to  reduce 
timing  errors? 

a.  Closed  loop  servosystems.  c.   Electronic  delav. 

b.  Quadrature  overlap.  d.   Initial  presets. 

24.  (207)  In  a  single-film  system,  the  sound  of  a  reproduced  composite  tele\'ision  signal  precedes  rhc 
picture.  What  is  a  possible  cause-" 

a.  The  top  loop  of  the  camera  film  is  loo  long. 

b.  The  top  loop  of  the  camera  film  is  too  short. 

c.  The  bottom  loop  of  the  camera  film  is  too  short. 

d.  The  bottom  loop  of  the  camera  film  is  too  long. 
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(2U4)  Im  dudiu  tape  recorders,  erasing,  recording,  and  pUiving  back  are  functions  of  which  of  the 
tolltnvmg' 

a.  Transport  mechanisms.  c.    Tape  heads. 

b.  Electronic  circuits.  Tape  handlers. 

(208)    In  addition  to  the  specially  designed  mtermittence  of  the  projector,  what  is  required  to 
convert  the  film  frame  rate  to  the  TV  frame  rate? 

a.  .A  low  persistent  type  pickup  tube.  c.   Pickup  camera  synchronization. 

b.  A  pickup  tube  with  storage  properties.        d.   Light  flaslies  from  the  pickup  tube. 

(205)  The  high-frequency  bias  current  insures  that  the  signal  to  be  recorded  will  fall  on  the 
linear  portion  of  the  hysteresis  curve.  What  is  another  use  of  this  bias  current? 

a.  Audio  amplifier  fixed  bias.  c.   Frequencv  equalization. 

b.  Head  current  erasure.  d.   Playback  bias. 

(20S)  In  tape  recorders  it  is  standard  practice  to  overcome  the  loss  ot  high  frequencies  in  the 
record  amplifier,  and  to  overcome  the  loss  of  low  frequencies  m  the  playback  amplifier.  Which  of 
the  following  terms  best  describes  this  practice? 

a.  Preemphasis.  c.  Equalization. 

b.  Decmphasis.  d.  Attenuation. 

(208)  What  special  feature  of  the  film  projector  permits  moving  the  film  m  alternate  steps  of 
^ ,  and  seconds-* 

a.   An  ordmarv  synchronous  motor.  c.   Pulses  from  synchronizing  waveform  generator, 

h.   A  unique  phase  synchronous  motor.  d.   Intermittent  with  a  3-sided  Geneva  movement. 

(205)  Which  of  the  following  statements  best  describes  the  purpose  of  equalization  circuits  in  an 
audio  tape  recorder^ 

a.  To  provide  the  same  output  level  for  low  and  high  frequencies. 

b.  To  permit  full-track  or  half-track  recording. 

c.  To  provide  automatic  gain  control. 

d.  To  maintain  constant  tape  speed. 

(204)  Which  of  the  following  components  of  a  tape  transport  mechanism  reduces  the  effect  of  tape 
speed  Variations^ 

a.  The  pmch  roller.  <=•   "^he  rolling  tape  guide. 

b.  The  tension  idler.  '^^  capstan. 

.208)   If  there  is  no  image  from  the  film  projector,  the  trouble  might  be  caused  bv 

a.  a  burned  out  projector  lamp.  -    c.    loss  of  the  upper  film  loop. 

b.  loss  of  the  lower  film  loop.  d.   a  broken  intermittent  claw. 

(208)  What  is  a  desired  characteristic  of  the  moving  film  projector  lens"^ 

a.  Short  focal  length.  <=•    Long  throw. 

b.  High  magnification.  d.   Automatic  zoom. 
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Chapter 

34.  (213)  The  output  of  the  synchronuin^  generator  mi^y  be  observed  as  a  pulse  «-ross  display  on  <i 
modified  television  monitor.  Which  of  the  follo\^ing  best  describes  the  mecisiiretin'njs  that  can  bo 
made  with  this  output  display? 

a.  Linear  amplifier  frequency  response  and  bandwidth. 

b.  Horizontal  and  vertical  deflection  frequency  rates. 

c.  Dynamic  and  static  convergence. 

d.  Equalizing,  sync,  and  blanking  pulse  widths. 

35.  (211)  What  is  the  purpose  of  the  calibrated  markings  associated  with  the  vertical  and  horizontal 
wedges  in  test  pattern  presentations? 

a.  To  measure  gray-scale  reproduction.  c.   To  evaluate  low-frequency  response. 

b.  To  calculate  aspect  ratio.  d.   To  determine  the  resolution  capability. 

36.  (213)  A  modified  television  monitor  is  being  used  to  ob.serve  a  pulse  cross  display.  What  check 
could  be  in  progress? 

a.  A  resolution  check.  c.   A  vertical  blanking  check. 

b.  The  deflection  linearity  check.  d.   The  geometric  distortion  check. 

37.  (214)  Which  test  equipment  could  be  used  to  adjust  the  convergence  of  a  color  TV  monitor? 

a.  Grating  or  dot  generators.  c.   Color  analyzer  or  linearity  checker. 

b.  Color-bar  or  rainbow  generator.  d.   Vectorscope  and  color-burst  generator. 

38.  (211)  Which  of  the  following  units  can  be  used  to  replace  a  camera  for  test  pattern  Irunsmission'-' 

a.  A  grating  generator.  c.   A  linearity  checker. 

b.  A  monoscope  amplifier.  d.   A  resolution  chart. 

39.  (212)  Which  of  the  following  statements  best  describes  one  of  the  purposes  of  the  video  ' 
equipment  known  as  a  grating  generator?' 

a.  To  generate  a  pulse  cross  display.  *   c   To  check  the  linearity  of  deflection  circuits. 

b.  To  provide  equalizing  pulses.  d.   To, check  the  blanking  interval. 

40.  (213)  A  monitor  displays  a  grating  pattern  superimposed  on  a  standard  linearity  chart  presentation. 
Which  of  the  following  statements  is  correct  if  the  grating  lines  intersect  w!thin  the  circles? 

a.  Geometric  distortion  is  less  than  2  percent. 

b.  Resolution  is  500  or  more. 

c.  Correct  gray  scale  is  present. 

d.  Correct  interlace  condition  is  present. 

41.  (211)  What  part  of  the  monoscope  test  pattern  is  used  to  check  low-frequency  response? 

a.  The  wedge  lines,  c.   The  station  identification  letters. 

b.  The  upper  right  corner  wedge.  d.   The  horizontal  lines  beneath  the  center  circle. 
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42.  (214)  Which  combination  of  test  equipment  can  be  used  to  adjust  the  phase  of  the  I  and  Q  signals 
in  a  coiorpiexer? 

a.  Color  linearity  checker  and  color  analyzer. 

b.  Color-bar  generator  and  color  analyzes. 

c.  Rainbow  generator  and  color  linearity  checker. 

d.  Color-bar  generator  and  chromatron. 

Chapter  4 

43.  (219)  In  most  TV  receivers,  the  output  of  the  tuner  section  is 

a.  an  i*f  signal.  c.  an  oscillator  frequency  signal. 

b.  an  r-f  signal.  d.  a  raw  video  signal. 

44.  (216)  Which  of  the  following  TV  stations  are  adjacent-channel,  but  may  be  assigned  to  the  same 
city? 

a.  7  and  8.  c.  4  am 

b.  5  and  6.  d.  3  and  4. 

45.  (219)  What  is  a  logical  procedure  for  TV  receiver  troubleshooting? 

a.  Isolate  the  stage  and  locate  the  circuit  group. 

b.  Locate  the  circuit  group  and  then  locate  the  component. 

c.  Locate  the  circuit  group,  isolate  the  stage,  and  locate  the  faulty  component. 

d.  Locate  the  faulty  component,  isolate  the  stage,  and  locate  the  circuit  group. 

46.  (217)  The  length  of  a  dipole  antenna  designed  for  channel  10  operation  (192-198  mc)  should  be 
approximately  how  long? 

a.  4;7  feet.  c.   14  inches. 

b.  2.4  feet.  d-  "^2  inches. 

47.  (219)  Which  transistor  amplifier  configuration  is  preferred  for  stability  and  interchangeability  d 
components? 

a.  CA.  c.  CC. 

b.  CB.  d.  CE. 

48.  (217)  Which  of  the  following  is  a  major  purpose  of  a  reflector  placed  behind  an  antenna? 

a.  To  increase  signal  gain.  c.  To  increase  input  impedance. 

b.  To  increase  vertical  directivity.  d.  To  increase  bandwidth. 

49.  (216)  Suppose  there  is  no  output  from  a  transmitter  whose  stages  are  VI  (oscillator), 
V2  (doubier).  V3  (tripler),  and  V4  (power  amplifier).  In  what  order  would  you  **read" 
the  symptoms? 

a.  V4,  V3,  V2,  and  VI.  c.  V4,  VI,  V3,  and  V2. 

b.  V4,  V3,  and  VI,  V2.  d.   VI,  V2,  V3,  and  V4. 

50.  (216)  How  much  visual  carrier  frequency  deviation  is  permissible  in  a  television  system? 

a.  AOOO  Hz.  c.  ±1000  Hz. 

b.  -1000  Hz.  d.  ±100  Hz. 
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31.  (219)  What  is  tht?  function  of  an  AM  ue'cctor  cirruir  in  n  IV  receiver?  '"^ 

a.  To  select,  rectify,  and  filter  the  aur^l  ^^lena!. 

b.  To  select,  rectify,  and  tiher  the  video  signiil. 

c.  To  select,  rectify,  and  filrer  only  the  vicieo  «;ync  pulses. 

d.  To  select,  rectify,  and  filter  out  unwanted  A.M  stations. 

52.  (218)  Which  of  the  following  best  describes  the  log-periodic  antenna  (LPA)  used  in  VHF  TV 
systems? 

a.  A  high-gain,  wide-band,  unidirectional  receiving  antenna. 

b.  A  high-gain,  wide-band,  omnidirectional  transmitting  antenna. 

c.  A  high-gain,  narrow-band,  unidirectional  receiving  antenna. 

d.  A  high-gain,  narrow-band,  omnidirectional  transmitting  antenna. 

53.  (219)  Normally,  what  amplifier  sections  of  a  TV  receiver  have  age  voltage  applied? 

a.  All  i-f  sections  and  r-f  sections. 

b.  All  i-f  sections  except  the  last  (normally)  and  r-f  sections. 

c.  All  i-f  sections  and  r-f  sections  except  the  second  (normally). 

d.  The  i-f  sections  only. 

54.  (217)  Which  characteristics  greatly  determine  the  physical  size  of  a  VHF  TV  antenna? 

a.  The  operating  frequency  and  desired  radiation  pattern. 

b.  The  polarization  and  desired  radiation  pattern. 

c.  The  operating  frequency  and  power-handling  capability. 

d.  The  polarization  and  power-handling  capability. 

55.  (218)  Which  of  the  following  serves  most  efficiently  as  an  omnidirectional  VHF  TV  transmitting 
antenna? 

a.  Th^fanned  conical  antenna  with  reflector. 

b.  The  three-bay  log-periodic  antenna. 

c.  The  Yagi  antenna. 

d.  The  helical  antenna. 

56.  (216)  When  using  a  meter  in  the  cathode  circuit  to  tune  an  amplifier  plate  circuit  in  a  TV 
transmitter,  the  meter  should  shov; 

a.  maximum  plate  current.  c.  maximum  grid  drive  of  stage  being  tuned. 

b.  minimum  grid  drive  of  following  stage.        d.  minimum  plate  current. 

t 

57.  (215)  Which  of  the  following  are  basic  types  of  coupling  in  VHF  transmitters? 

a.  Capacitive,  link,  and  inductive.  c.  Inductive,  link,  and  chain. 

b.  Link,  capacitive.  and  chain.  d.  Capacitive,  chain,  and  inductive. 

58.  (213)  What  is  the  chief  function  of  a  balun? 

a.  Tc  match  impedances.  c.  To  balance  antenna  impedance. 

b.  To  balance  asymmetrical  circuits.  d.   To  increase  antenn<jt  gain. 

59.  (219)  What  is  the  purpose  of  the  fine  tuning  control  in  the  r-f  section  of  the  VHF  TV  receiver? 

a.  To  trim  the  r-f  amplifier,  c.   To  change  the  frequency  of  the  local  oscillator.  ^ 

b.  To  vary  the  i-f  amplifier.  d.   To  select  the  prone:  tuned  circuit. 
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60.  (2W)  What  stages  are  replaced  by  use  of  a  converter  section? 

v..  R-f  amplifier  and  mixer  stages,  c.   Oscillator  and  r-f  amplifier  stages, 

b.  Oscillator  and  mixer  stages,  d.  Mixer  and  i-f  amplifier  stages. 

61.  (216)  When  troubleshooting  a  TV  transmitter,  if  V3  grid  meter  indicates  grid  drive  and  the 
cathode  meter  indicates  no  tube  current,  you  should  check  the  components  of 

a.  the  previous  stage  (V2). 

b-  the  following  stage  (V4). 

.c.  both  the  previous  stage  (V2)  and  the  following  stage  (V4). 

d.  the  stage  in  question  (V3). 

62.  (219)  What  signals  are  amplified  by  the  r-f  section  of  a  TV  receiver? 

a.  AM  video  and  FM  audio  signals.  c.   AM  audio  and  sync  signals. 

b.  Composite  video  and  AM  audio  signals.      d.   FM  video  and  sync  signals. 
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63,  (219)  What  is  the  necessar\-  bandwidth  of  the  r-f  section  of  a  TV  receiver? 

a.  .25  MHz.  '^-^^  •^^^2- 

b.  L25MHZ.  d.  6.0  MHz. 

b4.   (217)  The  transmitting  antenna  serving  a  VHF  TV  broadcast  station  is  usually 

a.  bidirectional.  <=-  omnidirectional. 

b.  vertically  polarized.  d.   narrow  in  bandwidth. 

65.  (218)  Which  of  the  following  will  increase  the  gain,  directivity,  and  bandwidth  of  a  turnstile 
antenna  used  for  VHF  TV  transmission? 

a.  Increasing  the  height  of  the  antenna. 

b.  Increasing  the  size  of  each  radiating  element. 

c.  Vertical  stacking  of  individual  radiating  elements. 

d.  Balun  coupling  of  antenna  and  transmitter, 

66.  (217)  A  TV  antenna  which  has  a  low  Q  will  possess 

a.  a  high  gain.  ^  "^"ow  bandwidth. 

b.  a  broad  bandwidth.  .      d.   an  excellent  directivity. 

67.  (217)  The  insulation  requirements  of  an  antenna  serving  a  VHF  TV  transmitting  station  would 
most  likely  be  reduced  by  increasing  the 

a.  height  ot  the  antenna.  <=.  video  transmitter  output. 

b.  bandwidth  of  the  antenna.  d.   video  transmitter  ERP  requirement. 

Chapter  5 

68.  (220)  What  is  the  normal  transmitting  range  of  VHF  and  UHF  equipment? 

a.  Both  svstems  have  an  infinite  r^^nge. 

b.  A  range  of  54  MHz  to  216  MHz, 

c.  A  ran^e  of  470  MHz  to  890  MHz. 

d.  Both  svstems  are  limited  to  line-of-sight  transmission. 
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69.  r223)  Which  of  the  following  best  describes  the  UHF  slotted  loop  '  r.Ioited  nn^.i  cmteni-r- 

a.  High-gain.  balanced  conductors.  c.    Low-gain,  hieh-power-hcindling  cap;,biliu-. 

b.  Low-gain,  unbalanced  conductors.    '  d.    fiigh-gain,  low-pouer-handling  cupijbilitv. 

70.  (222)  Which  of  the  following  is  a  proper  comparir;on  of  UHF  and  VMF  propat^.aiion  churficleri.st icj^ 

a.  VHP  propagation  characteristics  are  less  favorable. 

b.  UHF  shadow  effect  is  less  severe. 

c.  UHF  line-of-sight  distance  is  shorter, 

d.  VHF  line-of-sight  distance  is  shorter. 

71.  (224)  What  is  double  conversion  in  a  UHF  receiver? 

a.  The  reception  of  two  TV  signals  simultaneously. 

b.  Two  stages  of  heterodyning  to  develop  two  i-f  signals. 

c.  A  tuner  with  two  r-f  path^. 

d.  Detecting  two  r-f  Signals  with  one  i-f  stage. 

72.  (224)  How  does  a  mfcrowave  receiver  differ  from  a  TV  receiver' 

a.  It  uses  fewer  i-f  stages.  c.   It  has  a  narrower  bandpass. 

b.  It  uses  r-f  amplifier  stages.  d.   It  uses  a  klystron  local  oscillator. 

73.  (220)  Under  what  conditions,  if  ever,  will  the  UHF  transmitter  have  the  same  basic  circuits  as 
the  VHF  transmitter? 

a.  The  transmitters  never  have  the  same  basic  circuits. 

b.  The  transmitters  have  the  same  basic  circuits  at  the  higher  frequency  levels. 

c.  The  transmitters  have  the  same  basic  circuits  at  the  lov/er  frequency  levels. 

d.  The  circuits  are  the  same  when  transmitting  video  signals  only. 

74.  (223)  Why  are  waveguides  more  efficient  than  transmission  lines  for  microwave  transmission^ 

a.  Waveguides  have  less  signal  attenuation. 

b.  Waveguides  have  no  standing  waves. 

c.  Waveguides  present  no  impedance  matching  problems. 

d.  Waveguides  permit  the  antenna  to  be  more  directive. 

'5.   (221)  What  is  velocity  modulation? 

a.  A  variation  in  the  number  of  electrons.       c.    Electrons  striking  a  resonant  cavity. 

b.  The  speed  of  an  electron  beam.  d    A  variation  in  the  speed  of  electrons. 

6.  r223)   UHF  antennas  are  less  subject  to  interference  from  the  surrounding  area  than  VHF 
antennas  because  the 

a.  VHF  antennas  are  longer.  c.    UHF  antennas  are  shorter. 

b.  VHF  wavelengths  are  longer.  d.    UHF  \\avelengths  are  shorter. 

7.  (221)  Why  does  a  UHF  microwave  transmitter  require  more  careful  maintenance  than  a  siandard 
AM  transmitter? 

a.  It  has  wide-band  circuits  that  are  sensitive  to  chan^eii. 

b.  There  is  more  heat  generated  th&it  causes  circuir  ch;mfcje-s. 

c.  The  circuits  use  lari^r  component.'^  \hn\  requii'J  c'Dnsti.nt  tiinin^i. 

d.  Standing  waves  are  constantlv  chiin^niti  ami  ir.nst  !u»  luncd  out. 
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78.  (222)    Which  of  the  following  is  a  characteristic  of  the  UHF  TV  bow-tie  antenna? 

a.  Narrow  bandwidth.  c.  Omnidirectional. 

b.  Broad  bandwidth.  d.  Vertical  polarization. 

7^.  (220)  From  the  information  in  the  text,  what  does  a  UHF  power  amplifier  have  that  a  VHP  power 
amplifier  does  not  have? 

a.  Four  coaxial  cavities.  c.  Larger  capacitors. 

b.  Two  more  coaxial  tetrodes.  d.  Larger  inductors. 

80.  (222)  The  input  impedance  of  a  corner  reflector  antenna  can  be  increased  by 

a.  using  a  balun  between  the  antenna  and     nsmission  line. 

b.  mounting  the  antenna  in  the  vertical  plane. 

c.  using  a  folded  dipole  for  the  driven  eiement. 

d.  increasing  the  height  of  the  antenna. 
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Preface 


THIS  FINAL  VOLUME  of  CDC  30455  contains  information  necessary  for  the 
proper  maintenance  of  television  systems.  Chapter  1  deals  with  operational  re- 
sponsibilities, more  specifically,  publications,  types  of  inspections,  and  quality 
checks,  as  well  as  the  duties  and  responsibilities  of  inspection  teams.  In  Chapter  2, 
we  develop  troubleshooting  and  repair  procedures  as  they  apply  to  both  test 
equipment  and  television  equipment.  In  addition,  proposals  for  correcting  re- 
curring equipment  malfunctions  are  discussed.  Finally,  the  responsibilities  for 
repair,  calibration,  and  certification  of  precision-measuring  equipment  are  stated. 
Television  system  troubles  are  described  and  the  symptoms  diagnosed  in  Chapter  3. 
Our  final  chapter  is  devoted  to  C-E  planning,  programming,  and  the  related  PC 
and  PCSP  documents.  A  discussion  of  siting,  installation,  and  the  various  types  of 
acceptance  tests  necessary  for  new  television  systems  is  also  included.  Finally, 
the  need  for  modification  is  discussed. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of 
this  ic.xi.  or  rccDHimcndaiions  lor  ii.s  improvement,  send  them  to  Tech  Tng  Cen 
(TSOC).  Kccslcr  .XFB.  MS  395:>4. 

It*  Nou  have  questions  i»n  ci»uise  cnri>llmcnl  or  adniinisiration.  or  on  any  of 
f-CI's  )nslrucii(»n;il  aids  iWw  Key  lo  Career  Development.  Study  Reference 
Guides.  Chapter  Review  Exercises.  Volun>c  Review  Exercise,  and  Course  Exami- 
nation). eonsviU  Nour  education  officer,  training  officer,  or  NCO,  as  appropriate. 
If  he  can'l  answer  Nour  questions,  .send  them  to  ECI,  Gunter  AFB,  Alabamj; 
.^61  14.  preferablv  on  ECI  Forn>  17.  Student  Request  for  Assistance. 

This  volume  is  valued  at  15  hours  (5  points). 
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MODIFICATIONS 

J  qI  this  publication  has  (have)  been  deleted  in 


adapting  this  material  for  inclusion  in  the  "Trial  .Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
military  forns,  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  in  vocational  and  technical  education. 


CHAPTER  2 


Troubieshooting  and  Repair 


IN  THIS  CHAPTER  wc  will  discuss  the  types 
of  test  equipment  used  at  a  television  installa- 
tion, as  well  as  their  purpose,  use.  and  common 
failures.  When  test  equipment  failures  are  en- 
countered, alternate  testing  methods  must  be 
available;  therefore,  we  will  discuss  some  ol' 
these  alternate  testing  methods.  General  tele- 
vision system  troubleshooting  methods  and  pro- 
cedures that  are  needed  to  maintain  a  system 
in  proper  operating  condition  will  be  discussed: 
in  addition,  television  equipment  alignment  and 
calibration  procedures  are  developed.  We  will 
also  describe  the  advantages  of  using  bench  mock- 
ups  over  other  testing  methods.  Finally,  the  re- 
sponsibilities for  the  repair  calibration,  and  cer- 
tification of  precision  measuring  equipment  are 
explained, 

4.  Television  Test  Equipments  Types,  Use, 
ond  Malfunctions 

4-1.  This  section  states  the  types  of  test 
equipment  necessary  to  maintain  various  televi- 
sion system  configurations  properly.  In  addition, 
we  will  identify  some  alternate  system  testing 
methods  and  describe  how  each  is  accomplished. 
Likewise,  alternate  transistor  tests  and  precau- 
tions are  discussed.  Finally,  we  will  identify 
some  test  equipment  malfunctions  and  describe 
the  related  symptoms, 

4-2.  Television  Test  Equipment.  The  normal 
procedure  of  troubleshooting  closed-circuit  and 
r-f  television  systems  is  through  tests  made  to 
determine  the  character  of  the  video  and  audio 
signals;  to  evaluate  the  performance  of  the  tele- 
vision equipment;  to  maintain  and  repair  the 
equpment;  or  to  determine  peculiarities  of  in- 
dividual equipments.  The  majority  of  these  func- 
tions and  tests  can  be  made  with  standard  shop 
test  equipment,  such  as  tube  checkers,  watt- 
meters, voltmeters,  ohmmeters.  milliammctcrs. 
and  dummy  loads.  However,  the  oscilloscope 
and  video  sweep  generator  arc  particularly  ap- 
plicable to  television  testing,  while  the  multiburst 
generator,  grating  generator,  monoscope  amplifier 


( camera ).  and  wuvvform  nioiiitnr  are  gciier- 
allv  a>nsidered  as  spccivili/ed  test  equipment  v!e- 
5.iuned  ior  television  system  quality  testing. 

4-3.  Oh f ivf li  ters .  \(^ltffutcr.s\  uud  inilliani- 
nieicrs.  These  general  l^pe^  oi*  metered  test 
equipment  arc  i;orm;i'.l>  u<;ed  in  die  t'mal  suiges 
of  ir.«uble$hf)Oting.  This  ma>  entail  ending  ihc. 
failed  component  of  an  inoperative  circuit.  Huw- 
ever,  the  vdtnieter  ;inJ  niilliammeier  \va\  aUo 
be  Uiicd  wliile  you  make  some  relativei\  simple 
system  maintenance  checks.  These  checks  usu- 
ally consist  ot  monitoring  the  output  ol"  the  regu- 
lated power  supplies  and  similar  operations.  In 
addition,  they  are  used  to  make  some  types  of 
voliaee  and  current  measurements  duririg  PMI's. 
v»here  metered  measurements  are  required.  It 
must  be  understood  that  oscilloscope  voltage 
measurements  are  much  more  accurate;  thus, 
they  are  more  desirable  for  critical  readings. 

4-4.  Tube  checker.  A  tube  checker  is  nor- 
mally used  during  PMI's  and  when  a  tube's 
condition  is  doubtful.  Somi  ie!evision  equipment 
peculiarities  extend  the  uS'...,ilness  ()f  the  tube 
checker  be\ond  locating  defective  tubes.  Tele- 
vision equipment  using  balanced  modulator  cir- 
cuits is  an  example,  inasmuch  as  the  tubes  must 
be  closely  matched  under  such  conditions.  'I  here- 
fore,  the  tube  checker  can  be  used  to  "match" 
tubes  in  pairs  from  the  bench  stock,  iliereh\ 
saving  a  considerable  amount  of  money.  Tubes 
that  are  pureiiased  in  matched  sets  are  much  more 
e.xpci'sive. 

4-5.  Dunww  loads  ami  wattawters.  When 
performing  PMI's  and  trouble^h6oung  functions 
on  transmission  equipment,  dummy  loads  and 
wattmeters  are  often  needed.  Their  use  will  pre- 
vent r-f  interference  with  other  operations  which 
may  be  going  on  at  that  time.  The  dunnny 
loads  and  wattmeters  seleetCil  for  television  main- 
tenance must  have  adequate  power  liandhng  capa- 
bilities l(>  handle  the  hiul^power  output  of  the 
\iden  transmitter  salisfaetoriK . 

4-fr  (  (ifhodt'-ray  f <s.7(*/f »vr<v;r.  A  eatiiode-ray 
oscilloscope  suitable  for  television  application  is 
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Npecificaily  designed  for  maintenance,  alignment, 
and  adjustment  of  that  equipment.  It  must  pre- 
sent accurately  all  of  the  video  wavefonns  that 
are  employed  in  a  television  broadcast  installa- 
tion. 

4-7.  By  using  an  oscilloscope  designed  for 
television,  you  can  observe  any  portion  of  the 
television  picture  waveform,  from,  complete  tele- 
vison  picture  frames  to  small  segments  of  individ- 
ual scanning  lines,  as  well  as  waveshape,  width, 
and  amplitude.  The  oscilloscope  thus  provides  an 
accurate  means  of  measuring  both  amplitude  and 
time  of  television  signals,  in  addition  to  present- 
ing a  detailed  representation  of  the  picture  sig- 
nal. Consequently,  the  oscilloscope  is  adaptable 
for  both  troubleshooting  and  system  maintenance. 

4-8.  Video  sweep  generator.  The  video  sweep 
generator  is  used  to  inject  a  signal  through  a 
circuit  under  test.  Thus,  the  oscilloscope  meas- 
urement of  signal  amplitude  is  possible.  The 
overall  response  of  the  tested  circut  with  respect 
to  its  frequency  characteristic  can  be  obtained. 
Use  a  video  sweep  generator  when  adjustment 
of  camera  preamplifiers  and  bandpass  of  other 
video  circuits  is  necessary. 

4-9.  Multiburst  generator.  The  multiburst 
generator  is  primarily  used  for  complete  televi- 
sion broadcast  facility  operational  checks.  How- 
ever, while  it  is  limited  when  used  to  test  in- 
dividual components  or  circuits,  it  can  be  used 
like  the  sweep  generator  in  some  respects,  such 
as  providing  the  signal  to  a  circuit  under  test 
and  for  measurement  of  the  circuit  output  am- 
plitude versus  frequency  response.  The  advan- 
tage of  using  this  instrument  is  that  no  tested 
circuitry  need  be  disabled  or  disconnected.  The 
generator  will  apply  test  signals,  simulating  ac- 


tual teie*'*Mon  signal  frequencies,  and  feed  them 
directly  into  the  television  facility  for  an  opera- 
tional response.  The  multiburst  generator  pro- 
vides an  output  consisting  of  bursts,  or  group- 
ings, of  various  frequencies  superimposed  on  the 
pedestal,  with  standard  blanking  and  synchroniz- 
ing signals  added.  As  shown  in  figure  1,  all 
bursts  must  be  of  equal  amplitude  for  applica- 
tion to  the  input  of  the  television  broadcast 
facility.  Changes  of  wavefoim  amplitude,  as 
observed  on  an  oscilloscope  connected  at  either 
the  facility  output  or  other  convenient  check- 
point, will  indicate  circuit  or  network  frequency 
response  deviations  at  particular  frequencies. 
However,  this  check  does  not  isolate  a  mal* 
functioning  circuit;  it  only  indicates  a  malfunc- 
tion of  the  system. 

4-10.  Grating  generator.  The  grating  gener- 
ator provides  a  pattern  which  is  a  convenient 
method  of  testing  and  adjusting  both  the  hori- 
zontal and  vertical  linearity  of  the  television  de- 
flection circuits.  This  test  provides  checks  for 
deviations  in  picture  characteristics,  such  as  pic- 
ture compression  or  expansion  resulting  from 
nonuniform  scanning  velocity  that  may  be  caused 
by  the  deflection  circuits. 

4-11.  Monoscope  amplifier  (camera).  The 
monoscope  amplifier  (camera)  unit,  as  you  al- 
ready know,  is  a  suitable  means  of  checking  res- 
olution, low-frequency  phase  shift,  contrast,  and 
deflection  linearity  of  the  television  broadcast 
equipment.  It  also  provides  a  modulating  signal 
for  transmitter  tests  and  receiver  performance. 

4-12.  Waveform  monitor.  The  waveform 
monitor  is  a  specialized  type  of  oscilloscope  which 
provides  detailed  and  varied  video  information. 
It  is  capable  of  presenting  many  video  combina- 


100- 


40- 


APPROXIMATE  FREQUENCY  (mC) 
2.0  3.0 

n  I  n  M  I 


3.6 


1      \  1 


4.2 


•ONE  L!NE-63[iSEC  ■ 


Figure  /.    lUultihurst  jnenerator  oiUput  test  si^/wi. 


i8^ 


lions  from  a  complete  television  frame  to  a  single 
segment  of  a  desired  line  or  even  a  single  pulse 
shape  or  edge.  Consequencly.  the  waveform  mon- 
itor is  much  more  adaptable  to  television  testing 
than  is  the  average  oscilloscope.  Its  uses  are 
much  the  same  as  other  types  of  oscilloscopes; 
however,  it  is  more  suitable  for  system  tests  than 
for  individual  circuit  or  circuit  component  troub- 
bleshooting. 

4-13.  Color  Television  Testing.  In  addition  to 
the  previously  mentioned  items  of  test  equipment, 
the  proper  maintenance  of  a  color  television 
broadcast  system  necessitates  the  use  of  more 
specialized  and  refined  test  equipment.  Such 
equipment  as  the  dot  generator,  color  bar  genera- 
tor, veclorscope,  color  signal  analyzer,  and  linear- 
ity checker  are  used  to  provide  the  proper  test 
signals. 

4-14.  Dot  generator.  The  dot  generator  pro- 
vides a  pattern  which  is  primariy  used  for  con- 
vergence and  registration  checks  of  color  tele- 
vision monitors  and  receivers.  However,  it  is  also 
used  for  system  maintenance  checks. 

4-15.  Color  bar  geiwrator.  A  color  bar  gen- 
erator provides  rectangular  pulses  for  applica- 
tion to  the  red,  blue,  and  green  input  circuits 
of  a  colorplexer.  This  will  produce  a  color  bar 
test  pattern  at  the  colorplexer  output.  The  pat- 
tern is  used  to  check  the  color  quality  of  an 
entire  color  television  system. 

4-16.  Vectorscope.  The  vectorscope  permits 
inspection  of  the  amplitudes  and  phase  relations 
of  the  color  subcarrier  signals.  A  vectorscope  is 
particularly  valuable  for  checking  the  phase  am- 
plitudes of  the  color  outputs  from  the  colorplexer. 
Again,  the  vectorscope  is  p  -imarily  used  to  check 
the  color  quality  of  the  system. 

4-17.  Color  signal  analyzer.  This  test  instru- 
ment is  used  to  study  the  components  of  a 
composite  color  video  and  subcarrier  signal.  When 
the  typical  color  signal  analyzer  is  used  in  con- 
junction with  a  color  bar  generator  and  oscillo- 
scope, you  can  measure  the  phase  relations  be- 
tween the  subcarrier  burst  reference  and  the 
different  components  of  the  composite  color  sig- 
nal. In  addition,  the  color  signal  analyzer  used 
in  conjunction  with  a  linearity  checker  will  pro- 
vide a  method  of  obtaining  differential  phase 
measurements. 

4-18.  Linearity  checker.  Linearity  checkers 
are  primarily  signal  generators  which  provide  a 
simulated  color  video  signal.  The  typical  linearity 
checker  is  used  to  measure  both  the  differential 
gain  and  differential  phase  distortion  of  video 
amplifiers  and  transmission  facilities.  The  linear- 
ity checker  is  more  valuable  since  the  gain  and 
phase  linearity  of  color  television  signals  must  be 
maintained  at  a  high  level. 


-r-19.  Test  Equipment  Muliunciions  and  De- 
tection. Test  equipment  malfunctions  are*  usually 
discovered  during  operaiiiin  since  test  equipment 
is  not  normally  mainiaineci  in  a. continuous  opcr- 
anng  condition.  Because  of  the  differences  in 
test  equipment,  indications  of  cqulpnicnt  failures 
will  manifest  themselves  in  \:irious  \v;i\s  { he 
most  reliable  means  of  i.soiaiing  test  ecjuipment 
problems,  as  in  other  types  of  electronic  equip- 
ment, is  through  substitution  of  a  like  item.  Thu> 
if  the  alternate  unit  operates  properU.  thv 
original  unit  is  faulty.  Man>  of  the  problems  en- 
countered in  television  test  equipment  will  be 
visually  apparent  since  the  primary  function  of 
this  test  equipment  is  video  alignment  and  test- 
ing. 

4-20.  Oscilloscopes  and  wavcjitrm  monitors. 
The  most  obvious  problems  in  oscilloscopes  and 
waveform  monitors  are  lack  of  vertical  or  hori- 
zontal deflection,  unstable  display,  no  video  dis- 
play, and  loss  of  operating  voltage. 

•  Loss  of  vertical  deflection  is  indicated  when 
the  visual  display  has  no  height;  consequently, 
the  problem  is  most  likely  in  the  vertical  deflec- 
tion circuits. 

•  Loss  of  horizontal  deflection  is  indicated 
when  the  video  display  has  no  width:  thus,  the 
problem  will  probably  be  located  in  the  horizontal 
deflection  circuits. 

•  An  unstable  display  usually  indicates  a  lack 
of  triggering  pulses.  The  trigger  pulses  may  be 
derived  cither  internally  or  externally,  depend- 
ing upon  which  mode  of  operation  is  being  used. 
When  the  trigger  pulses  are  derived  externally, 
the  problem  is  probably  a  defective  test  lead.  If 
the  trigger  pulses  are  derived  internally,  the 
trouble  is  probably  in  the  lOOO-kc  oscillator  cir- 
cuit. 

•  When  no  video  display  is  visible,  the  usual 
cause  is  a  failure  in  a  video  amplifier  circuit  or 
defective  test  lead. 

•  Loss  of  operating  voltages  indicates  a  failure 
of  the  power  supply  or  line  fuse. 

4-21.  Remember  that  substitution  is  the  best 
means  of  determining  if  the  test  equipment  or  the 
unit  being  tested  has  failed. 

4-22.  Video  sweep  {generator.  Video  sweep 
generator  problems  usually  consist  of  no  output 
or  an  unstable  output.  Hither  of  these  conditions 
can  be  checked  with  an  oscilloscope. 

•  When  there  is  no  output  from  the  video 
sweep  generator,  the  cause  may  be  in  any  one 
of  several  areas:  power  supply,  oscillator,  am- 
plifiers, or  test  leads. 

•  An  unstable  output  is  usually  caused  by 
the  failure  of  a  component  in  the  o.scillator  circuit. 
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4-2.>  \tiiltihto\f  xicncnui^r.  Since  ihc  nnilli- 
burst  ucncrali^r  js  a  t>pc  ol  siunal  gcncralDr.  ils 
output  can  be  checked,  or  inonilorcd.  wiiii  an 
oscilUiscopc.  If  aiu  pDrliDii  t>t  the  ouipui  wave- 
l\)rm  IS  missing  ov  disiorlcd.  determine  which  cir- 
cuits are  concerned,  then  iroubleshoot. 

4-24.  Clratini*  {icnvniu^r,  most  noticea- 

ble problems  i)cciirrinu  in  tlic  grating  gcncrati)r 
arc  the  loss  oi  hori/ontal  bars  ov  vcrlical  bars 

•  The  loss  ol"  the  vertical  bars  indicates  a 
lailurc  of  the  15  times  niultipher  or  adder  cir- 
cuits. 

•  The  loss  of  the  horizontal  bars  indicates  a 
failure  of  the  20  times  multiplier  or  adder  cir- 
cuits. 

4-25.  Di:(  K'i'ftvninfr.  A  possible  problem  in 
the  dot  generator  is  the  appearance  of  hori- 
/t>ntal  or  vertical  bars.  This  indicates  a  failure  of 
the  clipper  circuit  or  misadjustment  of  the  clipper 
bias. 

4-2ft.  Color  bar  y'vnt  rah^r.  The  color  bar  gen- 
erator produces  a  series  of  rectangular  pulses, 
red,  blue,  ureen.  special  "L"  special  "Q"  and 
Mhite.  used  tor  color  quality  testing.  The  best 
mcthiHl  of  detecting  discrepancies  is  to  observe 
the  output  on  a  color  monitor.  A  failure  in  one 
of  the  color  bur  generator  circuits  will  cause  asso- 
ciated problems  in  the  output.  Since  the  color 
bar  generator  produces  pulses,  an  oscilloscope 
can  be  easily  used  to  trace  the  pulses  through 
their  associated  signal  paths. 

4-27.  The  most  common  problem  encountered 
in  the  color  bar  generator  is  low  amplitude  of  the 
individual  pulses.  This  problem  may  be  caused 
by  a  defective  amplifier  circuit. 

4-28.  Vcctorscopc.  The  vectorscope's  opera- 
tion is  much  like  that  of  an  oscilloscope  and 
any  problems  encountered  in  it  will  be  similar 
to  those  found  in  the  oscilloscope  or  waveform 
monitor. 

4-29.  (JoU>r  sii^'md  analyzer.  Indications  of 
problems  in  the  color  signal  analyzer  are  inability 
to  demodulate  the  color  subcarrier  signal  or  an 
inability  to  check  the  phasing  of  the  color  sub- 
carrier. 

•  When  you  arc  unable  to  demodulate  the 
color  subcarrier  signal,  the  malfunction  will  prob- 
ably be  in  the  demodulating  circuits.  Using  nor- 
mal troubleshooting  procedures,  the  circuit  mal- 
function can  be  rapidly  located. 

•  Phasing  problems  will  be  found  in  the  as- 
sociated phasing  network  or  circuit. 

4-30.  Monoscopv  ampiiiicr  (cafiwra).  The 
failures  encountered  in  a  monoscope  amplifier 
(camera)  are  similar  to  those  found  in  a  simple 
closed-ctrcuit  television  camera  chain;  therefore. 


the  tri)uble  symptoms  are  also  similar.  The  one 
maji)r  difference  between  the  monoscope  ampli- 
fier (camera)  and  other  types  of  television 
cameras  is  the  pickup  tube  design,  as  you  know 
from  Volume  2.  Because  the  image  is  etched 
on  the  target  of  the  monoscope  tube,  defects  in 
the  coating  material  will  cause  errors  in  the  output 
video  signal. 

4-31.  Alternate  Quulitv  Testing  Methods.  When 
the  test  equipment  fails,  an  alternate  means  of 
testing  system  frequency  response,  picture  quality, 
and  color  fidelity  is  necessary.  Some  of  the  al- 
ternate testing  methods  may  not  be  as  accurate 
or  complete,  while  others  may  be  more  complex 
than  the  desired  methods.  They  are,  however, 
acceptable  on  a  temporary  basis. 

4-32.  Frcquc'hcy  n'spofise.  The  two  items  of 
test  equipment  generally  used  for  checking  and 
adjusting  the  television  system  frequency  response 
are  the  video  sweep  generator  and  the  multi- 
burst  generator.  The  video  sweep  generator,  as 
you  know,  is  used  to  check  and  adjust  individual 
circuits  and  system  components;  whereas,  the 
multiburst  generator  is  designed  to  check  the 
overall  system  frequency  response. 

4-33.  Should  the  multiburst  generator  fail,  the 
monoscope  amplifier  (camera)  unit  or  the  EIA 
resolution  chart  may  be  used  to  check  the  overall 
system  frequency  response.  The  frequency  re- 
sponse checks  are  accomplished  in  the  same 
manner  when  either  of  these  alternate  methods 
becomes  necessary.  However,  you  must  insure 
that  the  camera  is  properly  positioned  and  focused 
on  the  EIA  resolution  chart  when  it  is  used. 
This  is  not  necessary  when  the  monoscope  unit  is 
used  since  its  display  is  permanently  positioned. 

4-34.  When  the  EIA  resolution  pattern  is  used 
for  frequency  response  checks,  spurious  peaks  or 
sharp  cutoff  of  the  characteristic  response  fre- 
quency will  disclose  themselves  as  irregularities 
in  the  video  presentation.  The  irregularities  ap- 
pear as  closely  spaced,  horizontally  displaced, 
positive  or  negative,  delayed  or  advanced  repeti- 
tions of  the  original  signal  and  will  appear  in  the 
video  output  of  the  television  system.  These  dis- 
crepancies are  called  ''ringing''.  The  vertical 
wedges  in  the  pattern  are  used  to  determine  hori- 
zontal resolution.  The  point  in  the  wedges 
where  the  lines  appear  to  blend  together  indi- 
cates the  limits  of  rcsoliUion.  By  referring  to  the 
calibration  adjacent  to  the  bars,  the  resolution 
may  be  read  directly  in  terms  of  lines.  The  maxi- 
mum horizontal  resolution  is  approximately  80 
lines  per  megahertz  of  bandwidth.  To  obtain 
horizontal  resolution  in  terms  of  bandwidth,  di- 
vide the  number  of  lines  by  80.  To  evaluate 
the  frequency  response  of  the  system,  compare 
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the  bandwidth  figure  obtained  with  the  normal 
bandwidth  figure  of  the  system. 

4-35.  Picture  quaUty.  Again,  the  monoscope 
amplifier  (camera)  unit  as  well  as  the  El  A  reso- 
lution tesit  patterns  arc  used  as  an  alternate 
method  of  testing  the  overall  picture  quality  of  a 
television  system.  In  addition,  the  ElA  linearity 
test  chart  can  be  used  to  test  Ihc  deflection  line- 
arity, which  in  turn  will  determine  the  quality  of 
the  video  signal. 

4-36.  Since  the  monoscope  camera  and  EIA 
resolution  patterns  are  similar,  their  picture  test- 
ing capabilities  are  much  the  same.  As  previously 
discussed  (Volume  2),  most  aspects  of  the  video 
signal  can  be  analyzed  and  adjusted  while  using 
either  of  these  patterns  as  a  standard.  The  com- 
ponents of  the  video  signal  that  may  be  checked 
with  these  patterns  are:  gray-scale  rendition, 
shading,  uniformity,  streaking,  interlace,  aspect 
ratio*  geometric  distortion,  horizontal  and  verti- 
cal resolution,  and  irregularities  in  the  response 
frequency  characteristic.  All  of  these  itcins  will 
have  specific  relations  to  the  picture  quality. 

4-37.  The  grating  generator  pattern  may  also 
be  considered  a  picture  quality  check  since  it  is  a 
check  of  the  deflection  linearity.  However,  it  is 
normally  used  in  addition  to  the  EIA  linearity 
test  chari. 

4-38.  Color  fidelity.  All  of  the  items  discussed 
in  the  picture  quality  and  frequency  response 
areas  will  have  a  determining  effect  on  the  color 
quality.  One  of  the  most  important  things  in 
color  reproduction  is  to  flrst  derive  a  good  black 
and  white  picture.  In  addition,  other  specialized 
testing  procedures  have  been  developed  to  pro- 
duce the  best  quality  color  picture  possible. 

4-39.  As  you  know  from  previous  discussion  of 
specialized  test  equipment  (Volume  2),  both 
the  vectorscope  and  color  signal  analyzer  are  used 
as  a  method  of  testing  the  color  subcarrier  phas- 
ing and  amplitude.  Thus,  they  may  be  considered 
as  alternate  methods  for  each  other  when  color 
subcarrier  phase  and  amplitude  tests  arc  required. 
Likewise,  the  grating  generator  and  dot  generator 
may  be  considered  as  alternate  methods  of  testing 
convergence  of  a  color  receiver. 

4-40.  The  color  bar  generator  produces  a 
series  of  pulses  which,  when  vectorially  added 
produce  color  bars  covering  the  color  spectrum. 
These  bars  are  then  used  to  test  the  system's 
ability  to  reproduce  those  colors.  An  alternate 
means  of  checking  color  fidelity  is  by  observing 
a  video  presentation.  Look  for  proper  shading 
and  color  fringing  around  objects.  These  will 
give  some  indication  of  the  color  quality  and 
proper  camera  setup. 

4-41.  Transistor  Checks.  The  usual  trouble- 
shooting practices  also  apply  to  transistors.  It  is 


recommended  thai  tran.sistor  checkers  be  used  to 
evaluate  transistors  whenever  possible.  .fHowe\er. 
if  a  transistor  tester  is  not  civailable.  a  Ui)od 
ohmmeter  may  be  ujied  for  this  purpose.  The 
ohmmeter  selected  must,  however,  meet  estab- 
lished requirements  since  damage'  to  transistors 
may  result  when  improper  test  equipment  is  used. 
The  damage  is  usually  the  result  of  accidentally 
applying  too  much  current  or  voltage  to  the  tran- 
sistor. 

4-42.  Test  equipment.  Test  equipment  witli  ;^ 
transformerless  power  supply  is  one  source  of 
excess  current.  This  type  of  test  equipment  can 
be  used  by  employing  an  isolation  transformer  in 
the  powei  inie.  Damage  to  the  transistor  may 
also  result  from  too  much  line  current,  even 
though  the  test  equ-pment  has  a  power  trans- 
former in  the  power  supply,  if  the  test  equipment 
has  a  line  filter.  This  Alter  may  act  as  a  voltage 
divider  and  apply  half  of  the  line  voltage  and 
a  portion  of  the  line  current  to  the  transistor.  To 
eliminate  this  trouble  situation,  connect  a  ground 
wire  from  the  chassis  of  the  test  equipment  to 
the  chassis  of  the  equipment  under  test  before 
making  any  other  connections. 

4-43.  Another  cause  of  transistor  damage  is  a 
multimeter  that  requires  excessive  current  for  ade- 
quate indications.  Multimeters  that  have  sensi- 
tivities of  less  than  5000  ohms  per  volt  should  not 
be  used.  A  multimeter  with  lower  sensitivity  will 
dra^-  too  much  current  through  many  type^  of 
transistors  and  damage  them.  The  use  of  20,000- 
ohm-per-volt  meters  or  vacuum-tube  voltmeters  is 
recommended.  Check  the  ohmmeter  circuits 
(even  tho:e  in  VTVM's)  on  all  scales  with  an 
external,  low-resistance  milliammeter  in  series 
with  the  ohmmeter  leads.  If  the  ohmmeter  draws 
more  than  1  milliampere  on  any  range,  this  range 
•  cannot  be  used  safely  on  small  transistors. 

4-44.  Finally,  always  use  fresh  batteries  of 
the  proper  value  for  the  equipment  under  test. 
Never  use  battery  eliminators  because  the  regula- 
tion of  these  devices  is  poor  at  the  current  values 
drawn  by  transistor  circuits.  Be  certain  about 
identification  of  polarity  before  attaching  the  bat- 
tery to  the  equipment  under  test;  polarity  re- 
versal may  damage  the  transistor. 

4-45.  When  troubleshooting  transistor  circuits, 
be  sure  the  test  probes  are  clean  and  sharp.  Many 
of  the  resistors  used  in  transistorized  equipment 
have  low  values;  therefore  any  additional  resis- 
tance produced  by  a  dirty  test  probe  will  make  a 
2ood  resistor  appear  to  be  out  of  tolerance. 

4-46.  Ohmmeter  rest  of  trafisistors.  To  check 
a  p-n-p  transistor,  connect  the  positive  lead  of 
the  ohmmeter  to  the  base  and  the  negative  lead 
to  the  emitter.  Use  caution  when  connecting  the 
test  leads  to  the  transistor,  .since  the  red  lead  is 
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luu  necessarily  the  positive  lead  on  ail  ohm- 
meters.  Generally,  a  resistanee  reading  dI  5n.(H)() 
ohms  or  mcire  should  bo  obtained.  Connect  the 
neuative  lead  to  the  cullcetor;  aiiain  a  reading  o\ 
50.000  iihms  or  nujre  shouiil  be  obtaiiud.  Recon- 
nect the  circuit  with  the  nciralive  lead  of  liie 
i)lmimeter  to  the  base.  With  the  positive  lead 
connected  to  the  emitter,  a  value  of  resistance  ol 
approximately  500  nhms  or  less  shoulil  be  ob- 
tained. L'kevvibc.  with  the  positive  lead  con- 
nected to  the  collector,  a  value  of  500  ohms  or 
less  should  be  obtained. 

4-47.  Similar  tests  on  n-p-n  transistors  will 
produce  the  f()lli)wini:  results.  W  ith  the  nei:aii\e 
ohmmetcr  test  lead  Cv»nnected  to  the  base  and  the 
positive  test  lead  connected  to  the  emitter,  the 
value  of  resistance  should  be  hieh.  Then  connect 
the  positive  test  lead  to  the  collector:  the  value 
of  the  resistance  should  ai:ain  be  .  high.  With 
the  pi^sifivc  ohmmetcr  test  lead  connected  to  the 
base  and  the  negative  test  lead  connected  to  the 
emitter,  the  value  of  the  resistance  between  the 
base  and  emitter  should  be  low.  Likewise,  when 
the  negative  test  lead  is  connected  to  the  collec- 
tor the  \aiue  of  the  resistance  should  be  low. 

4-  4.S.  If  the  readings  in  either  instance  do  not 
check  out  as  indicated,  the  transistor  is  probably 
defective  and  should  be  replaced.  If  a  defecti\e 
transistor  is  found,  make  sure  that  the  crieuii  is 
in  good  operating  order  before  inserting  the  re- 
placement transistor.  If  a  short  circuit  exists  in 
the  circuit,  plugging  in  another  transistor  most 
likely  will  result  in  another  burned-out  transistor. 
Do  not  depend  upon  fuses  to  protect  transistors. 
The  transistor  is  ver>  sensitive  to  improper  bias 
voltages;  therefore,  a  short  or  open  circuit  in  the 
bias  resistors  may  damage  the  transistor.  For  this 
reason,  do  not  troublcshoot  by  shorting  various 
points  in  the  circuit  to  ground  and  listening  for 
clicks. 

5.  Troubleshooting  and  Maintenance 
Procedures 

5-  1.  In  this  section  we  will  outline  systematic 
troubleshooting  procedures  and  identify  what 
each  step  entails.  .A  description  of  how  intricate 
alignment,  calibration,  and  maintenance  proce- 
dures are  written  and  used  is  included  with  a  few 
examples.  Finally  we  will  propose  some  courses 
of  action  to  take  should  you  be  faced  with  re- 
curring equipment  malfunctions. 

5-2.  Elements  of  Troubleshooting  and  Repair. 
When  troubleshooting  a  television  system,  there 
are  basic  steps  which  should  be  followed.  These 
steps  should- be  accomplished  in  a  systematic  se- 
quence such  as:  symptom  recognition,  symptom 
analysis,  trouble  localization,  trouble  analysis, 
and  tr(2uble  correction,    In  the  following  para- 


graphs we  will  discuss  each  of  these  steps  and 
enumerate  the  things  to  be  considered  as  the 
troubleshooting  process  develops. 

5-3.  SytnfXtftn  n'a>\*}uii(*n.  The  symptom  may 
he  defined  as  a  trouble  indication.  Siwnc  ex- 
amples nf  symptoms  are:  no  video,  no  raster, 
iinstable  synchroni/ation.  weak  picture,  and  any 
other  indication  of  trouble  in  the  television  sys- 
tem. MiKt  trouble  symptoms  indicate  malfunc- 
tions in  either  the  tr  ansmission  or  receiving  equip- 
ments. .As  an  example,  unstable  synchronization 
car]  be  a  symptom  of  trouble  in  the  synchronizing 
generator,  pulse  distribution  amplifier,  video  dis- 
tribution amplifier,  video  transmitter,  or  receiver. 
Once  you  have  detected  a  trouble  from  a  partic- 
ular symptom.  anaKze  that  symptom. 

5-4.  Sympu^m  analysis.  Symptom  analysis  is 
the  process  of  determining  in  what  area  or  areas 
a  trouble,  with  a  particular  symptom,  could  origi- 
nate. Again  referring  to  the  symptom  of  unstable 
synchronization,  analyze  that  symptom,  determine 
the  trouble  possibilities,  and  then  isolate  the  mal- 
function. 

5-5.  Trouble  UKaiization.  After  determining 
the  possible  troubles,  through  symptom  analysis, 
isolate  the  malfunction  using  systematic  trouble- 
shooting procedures.  Where  the  symptom  indi- 
cates that  the  troi^ble  may  originate  in  either  the 
transmission  or  receiving  equipment,  isolate  the 
problem  to  one  or  the  other.  In  either  area,  the 
trouble  can  be  further  localized  through  signal 
tracing.  When  the  failed  unit  is  located,  a  com- 
bination, of  signal  tracing,  voltage  readings,  and 
resistance  measurements  may  be  used  to  isolate 
the  faulty  circuit  and  finally  the  failed  component. 

5-6.  Trouble  analysis.  When  the  malfunction- 
ing unit  is  located,  an  analysis  of  the  trouble  may 
indicate  which  circuit  has  failed.  .An  analysis  of 
the  signal  at  various  points  in  the  unit  will  indi- 
cate possible  circuit  and  component  failures. 
Thus,  trouble  analysis  is  the  process  of  evaluat- 
ing signal  discrepancies  and  relating  them  to  pos- 
sible circuit  malfunctions. 

5-7.  Trouble  eifrrcction.  When  the  failed  cir- 
cuit component  has  been  located,  the  final  step 
of  correction  is  necessary.  At  this  point,  complete 
any  disassembly,  replacement,  repair,  and  reas- 
sembly deemed  necessary  to  place  the  equipment 
in  proper  operating  condition. 

5-8.  Recurring  Malfunction  Correction.  Usually, 
malfunctions  that  recur  regularly  indicate  one  of 
two  things:  another  faulty  component  or  circuit 
which  is  causing  the  more  obvious  problem  or 
faulty  design  of  the  malfunctioning  circuit.  Cor- 
rection of  the  recurring  malfunction  demands 
that  you  locate  the  basic  cause  of  the  problem, 
It  the  cause  is  another  faulty  component  or  cir- 
cuit, simply  replace  or  repair  that  item.  However, 
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if  the  rejurrinu  nvalt'unciion  is  caused  by  lauit; 
circuit  design,  rccommendalious  i'or  moditication 
of  that  circuit  will  be  necessary. 

5-9.  Prescribed  Muintenanet  Proeedures,  Ail 
prescribed  mamlcnance  prvicedures  should  be 
wrilien  in  a  louieal  sequence.  .Mainienance  pro- 
cedures are  writlcn  and  used  lo  eliminate  the 
possibility  of  forgetting  to  aceompiish  assigned 
tasks.  Failure  to  complete  a  specified  task  may 
result  in  an  operational  malfunciion.  Prevcndve 
mainienance  instructions  (PMl's),  alignment, 
and  calibration  procedures  arc  examples  ol  pre- 
scribed maintenance  procedures. 

5-10.  Alignment  ami  calibnuiou  procedures. 
Alignment  and  calibration  procedures  must  be 
accomplished  upon  installation  or'  all  new  equip- 
ment to  insure  its  proper  operation.  Thev  must 
also  bo  performed  after  replacement  of  circuit 
com.ponents,  after  certain  system  maintenance  has 
been  completed,  and  immediately  prior  to  opera- 
tion. This  last  requirement  ib  necessary  at  least 
daily,  twice  daily,  and  somelmies  on  a  more  fre- 
quent basis,  depending  on  the  type-  of  equip- 
ment and  the  operational  requirements  of  the 
television  system. 

5-11.  Examples  of  transmission  equipment 
alignment  and  calibration  requirements  are  cam- 
era setup,  synchronizing  generator  adjustments, 
pulse  and  video  distribution  amplifier  gain  ad- 
justments, audio  output  checks,  and  transmitter 
tuning.  In  addition,  color  transmission  alignment 
and  calibration  procedures  will  include  the  color- 
plexer  setup,  a  more  detailed  camera  setup,  and 
the  alignment  of  other  units  as  necessary  for 
proper  color  production. 

5-12.  The  most  common  alignment  procedures  ^ 
performed  on  color  television  receivers  and  moni- 
tors are  convergence^  purity,  and  white  balance 
(temperature  adjustments).  These  procedures 
may  need  to  be  accomplished  each  time  the  com- 
ponents affecting  their  circuit  operation  are  re- 
placed. 

5-  13.  Written  alignment  and  calibration  pro- 
cedures. Alignment  and  calibration  procedures 
should  be  written  in  a  straightforward,  logical  se- 
quence of  events.  Consequently,  the  steps  are 
written  in  such  a  manner  that  even  the  most 
complex  alignment  and  calibration  procedures 
can  be  easily  followed.  An  example  of  some  of 
the  more  complex  procedures  are  those  required 
for  adjusting  convergence,  purity,  and  tempera- 
ture of  a  color  television  receiver. 

6.  Systematic  Repair 

6-  1.  In  this  section  we  will  discuss  the  prac- 
tices, procedures,  and  precautions  necessary  to 
perform  logical  and  systematic  repair  of  television 
equipment.    The   advantages   of  using  bench 


nu.ckups  I'jr  .jLnision  equipme:U  cl:ecki;m  and 
aliv'nment  wili  aKo  be  lueniiiicd  and  compared 
to  allv-rnaie  chcck^^ui  pro:edures.  Finally.  \vc 
wi!!  spoeif)  ine  •.•cspi^nsibili'.ies  tor  rep:tir.  calibra- 
tion, and  certification  ot  various  caiciTories  t^f  pre- 
cision measuring  equipment. 

h-2.  Fquipmenl  Repair.  In  ordei  lo  repair  tele- 
vision equipmciit  iherc  are  four  ncces,sary  func- 
tions—disassembly, replacement,  repair,  and  re- 
assembly—wliich  must  be  done.  There  are  also 
certain  '  procedures,  practices,  and  precautions 
which  niubi  be  obscrwJ  and  followed  when  you 
do  these  tasks.  We  now  describe  the  procedures, 
practices,  and  precautions  as  they  relate  to  the 
four  repair  tasks. 

6-3.  Disassewhiy,  Daring  disassembly  of  tele- 
vision equipment  it  is  most  important  ?  you 
follow  the  recommended  procedures  contained  in 
the  appropriate  technical  order  or  manufacturer's 
handbook.  If  no  disassembly  instructions  arc 
available,  proceed  with  the  most  direct  approach, 
lakinc  care  not  to  disassemble  any  more  than 
necessary  in  this  phase  of  the  equipment  repair. 
While  disassembling  the  equipment,  place  all 
component  pans,  in  orderly  fashion,  in  a  cle;ji 
and  convenient  location.  Place  all  small  co.tj- 
ponenis.  nuts,  and  bolts  in  containers.  This  will 
prevent  the  parts  from  being  scattered  and  lost. 
Soldered  and  other  types  of  mechanical  wiring 
connections  should  be  labeled  during  disassembly. 
Labeling  will  permit  their  proper  reconnection 
during  reassembly. 

6-4.  Replacement.  This  action  is  necessary 
when  the  malfunctioning  eomponent  requires  re- 
placement. When  replacing  parts,  insure  that 
only  like  items  or  suitable  substitutes  are  used  to 
replace  circuit  components.  Unsuitable  replace- 
ment parts  may  do  further  damage  to  that  equip- 
ment or  other  equipment  in  the  television  system. 

6-5.  If  solder  connections  are  used,  insure  that 
they  are  properly  made;  cold-solder  joints  and 
loose  connections  will  decrease  the  equipment's 
operating  capabilities. 

6-6.  Repair.  If  it  is  possible  to  repair  the  failed 
component  without  decreasing  the  equipment  op- 
erating efficiency,  by  all  means  do  so.  On  the 
other  hand,  some  breakdowns  lend  themselves 
more  readily  to  repair  than  others.  Failures  such 
as  broken  connections,  cold-solder  joints,  and 
other  similar  defects  should  be  repaired  rather 
than  replaced.  When  dealing  with  broken  con- 
nections, consult  schematic  and  wiring  diagrams  if 
there  is  any  doubt  about  where  the  connection 
should  be  made.  Failure  to  consult  the  necessary 
diagrams,  and  a  resulting  wrong  connection,  may 
cause  serious  damage  to  the  equipment  and  the 
rest  of  the  television  s>stem  serviced  by  that 
equipment. 
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ty-l.nRcasscmbly.  Remember  that  reasscmhly 
is  simply  the  reverse  operation  of  the  diassembly 
task:  however,  you  must  insure  that  all  pans 
and  components  are  replaced  in  their  original 
positions.  Care  must  also  be  exercised  when  re- 
placinc  such  items  as  screws,  nuts,  and  b<ilts:  be 
sure  that  they  are  not  cross  threaded  or  otherwise 
damaged  during  reassembly.  All  electrical  con- 
nections must  be  replaced  in  their  proper  pkuc 
and  good  solder  connection.^  made  when  appro- 
priate. A  final  visual  check  of  the  equipment 
should  be  made  to  insure  that  no  shorts,  broken 
wires,  loose  solder,  washers,  or  other  discrepances 
are  found  before  returning  the  equipment  to  op- 
eration. 

6-8.  Advantages  oi  Rcnch  Mockups*  There  are 
many  advantages  in  using  bench  mockups  and 
their  related  test  equipment  for  final  checkout  of 
television  equipment.  Bench  mockups  facilitate 
alignment,  calibrating,  and  final  checkout  proce- 
dures before  the  equipment  is  installed  or  rein- 
stalled in  the  television  system.  Consequently, 
the  equipment  is  known  to  be  in  good  operating 
cc>ndition  prior  to  use.  Since  bench  mockups  are 
permanently  set  up.  they  are  available  for  prompt 
equipment  checkout  at  all  times.  Therefore,  spare 
equipment  can  be  readily  maintained  in  good 
operating  condition  and  placed  in  operation  at  a 
moment's  notice  if  needed. 

6-9.  Alternate  Checkout  Methods.  W  hen  bench 
mockups  are  not  avaiiable.  the  equipment  must 
be  checked  with  test  equipment  similar  to  that 
used  in  bench  mockups  or  placed  in  an  opera- 
tional facility  for  final  checkout,  alignment,  and 
calibration.  These  alternate  testing  methods 
create  some  disadvantages.  The  test  equipment 
must  be  set  up  each  time  it  is  used,  and  the 
operating  facility  is  not  always  available  due 
scheduled  programming.  Consequently,  delays 
and  increased  time  outages  may  be  encountered. 

6-10.  Quality  Checks.  Quality  checks  are  finut 
inspections  to  insure  that  the  equipment  is  in 
acceptable  condition  prior  to  being  placed  in  op- 
eration. The  quality  inspector  must  make  sure 
that  all  repairs  were  completed  and  had  met  tlie 
fiighest  standards.  Any  defects  found  should  he 
noted  and  brought  to  the  attention  of  those  re- 
sponsible, as  this  could  be  a  basis  for  additional 
training.  This  may  also  require  reaccomplish- 
ment  ot*  the  repair  task;  poor  workmanship  could 
cause  damage  to  other  system  equipment  and  ex- 
tended outage  of  the  system. 

6-11  Precision  Measurinu  Equipment  (P.ME). 
Precision  rneasuring  equipment  consists  of  tools 
and  test  equipment  required  for  repair,  inspec- 
tion, calibration,  or  adjustment  of  operating 
equipment,  major  assembly,  or  components, 
whose^  normal  function  is  to  measure*  or  provide 


a  known  reference  of  comparison  for  perfor- 
mance characteristics. 

.6-12.  PME  ccttc^nrics.  PME  categories  are 
established  to  identify  -^stem.  subsystem,  and 
equipment  calibration  rcquircuicnts.  and  to  facili- 
tate  assignment  of  responsibility  for  calibration, 
certification,  and  repair. 

6-1 3.  Categorv  I  equipment  is  operational 
equipment  installed  in  systems,  subsystems,  or 
equipment  whose  performance  parameters  are  to 
be  measured,  verified,  or  tested 

6-14.  Category  2  equipment  is  peculiar  PME 
used  to  check,  maintain,  and  calibrate  category  1 
equipment. 

6-15.  Category  3  equipment  is  -  commercial 
and  military  standard  PME  used  for  mainte- 
nance. troubleshi>oting.  testing,  verification,  and 
calibration  of  catcgorj'  1  and  2  equipment. 

6-16.  Category  4  equipment  consists  of  stand- 
ards and  accessories  used  to  calibrate  category 
2  and  3  equipment. 

6-17.  Calibration  and  certification  of  PME. 
Calibration  is  a  comparison  between  instruments; 
one  is  a  standard  of  known  accuracy  used  to  de- 
tect and  correlate  or  adjust  any  variation  in  the 
accuracy  of  the  instrument  being  compared. 

6-18.  Certification  is  the  act  of  designating 
that  the  PME  has  been  calibrated  and  meets  the 
established  standards. 

6-19.  Economy,  mission,  and  combat  effec- 
tiveness demand  that  ma.ximum  calibration  be 
performed  at  the  lowest  practical  organizational 
element.  Maximum  emphasis  must  be  placed  at 
all  levels  on  fast,  high-quality,  base-level  support 
and  TO  compliance.  The  calibration  and  certi- 
fication of  PME  are  performed  as  prescribed  in 
the  TO  33K  series  calibration  procedures. 

6-20.  The  maximum  interval  for  recalibration 
of  PME  is  specified  in  TO  33K-I-01  except  for 
those  intervals  prescribed  in  Calibration  Measure- 
ment Summaries  for  PMF,  as  applied  to  a  speci- 
fic system.  Calibration  intervals  prescribed  in 
Calibration  Measurement  Summaries  take  prece- 
dence over  all  other  TO's.  Items  designated 
^'schedule  calibration  as  necessary''  (SCAN)  will 
normally  be  recalibrated  at  unscheduled  inter- 
vals unless  the  using  organization  elects  to  es- 
tablish a  scheduled  interval  based  on  system  ap- 
plication. When  an  interval  or  SCAN  is  not 
prescribed  in  TO  33K-1-OI.  the  maximum  cali- 
bration interval  is  180  days. 

6-21.  There  is  no  minimum  time  interval  be- 
tween calibration  periods  of  PME.  When  it  has 
been  determined  that  PME  requires  calibration 
or  is  known  to  have  been  subjected  to  rough 
handling,  overload,  or  other  conditions  detrimen- 
tal to  the  capabilities  of  the  equipment,  it  must  be 
considered  questionable.  Recalibration  of  equip- 
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ment  fulling  into  ihi^  category  is  mandiiior\ 
PME  that  has  exceeded  the  prescribed  callbru- 
tion  inlt:r\al  or  has  not  been  calibrated  wil!  nor 
be  used. 

6-22.  PME.  especially  tfrai  of  n  general-pur- 
pose nature,  is  designed  lo  operate  oyer  a  wide 
range.  Tnis  equipmcnl  may  be  used  only  over  :\ 
portion  of  the  range,  or  at  certain  poinis  in  the 
range.  When  tins  is  the  case,  there  is  no  ncei'  i<' 
—certify  the  entire  range.  You  should  calibrate 
only  al  the  points  or  in  the  ranges  where  used 
if  the  calibration  range  is  clearly  indieaicii  on  ;he 
instrument.  If  is  the  using  activity's  responsibility 
til  specify  desired  calibration  points  or  ranges  on 
AFTO  Form  211.  Maintenance  Discrepanc\  'Pro- 
duction Credit  Record. 

6-23.  PME  having  ancillary  equipment  such 
as  cables,  probes,  test  leads,  and  other  accessory 
components  must  be  delivered  to  the  Precision 
Measuring  Equipment  Laboratory  fPMEL  )  in  a 
complete  package.  The  PMEL  may  return  with- 
out action  any  item  that  is  not  sufficiently  com- 
plete to  allow  full  calibration  and  certification. 

h-24  A{  installations  where  AF  standards  are 
not  maintained.  PME  is  calibrated  by  the  closest 
PMEL  subject  to  support  agreements  negotiated 
between  the  site  or  base  and  the  supporting  ac- 
tivity. Remote  sites  and  bases  are  required  to 
investigate  this  type  of  calibration  support  prior 
to  requesting  command  van  assistance. 

6-25.  Items  in  storage  do  not  require  periodic 
calibration.  Items  which  are  overdue  for  calibra- 
tion may  be  shipped  as  serviceable.  Activities 
receiving  such  items  should  nave  the  responsible 
PMEL  calibrate  them  before  placing  the  items 
in  use. 

6-26.  Activities  involved  in  evaluation  of  tech- 
niques and  procedures  or  collection  of  data  for 
prototype  calibration  equipment  may  not  have 
requirements  for  scheduled  periodic  calibration  of 
its  PME.  These  equipments  may  be  identified 
with  an  AFTO  Form  108,  Certification  Label. 

marked  "this  equipment  is  used  for    and 

need  not  be  periodically  calibrated."  The  AFTO 
Form  108  must  be  signed  and  dated  by  the  own- 
ing organization  super\'isor.  In  the  event  equip- 
ment status  changes,  it  is  to  revert  back  to  a 
periodic  calibration  schedule.  Under  no  circum- 
stances will  PME  being  used  to  determine  serv- 
iceability or  acceptability  of  systems  or  other 
equipments  be  released  from  the  requirement  of 
periodic  calibration. 

6-27.  Calibration  and  certification  rcsponsihili- 
ties.  The  basic  requirements  and  assignment  of 
responsibilities  for  calibration  and  certification  of 
PME  are  outlined  ir  AFR  74-2.  Repair.  Cali- 
hrattoH.  and  Cenijication  of  Praisii^n  A/taAZ/rc- 
mant  Equipment.  This  regulation  is  applicable  t(^ 


all  f-'ersonnel  jtiiia^ed  on  oruai  iUiunal-.^field-, 
and  depot-ievcl  maintcnancj  of  Air  Force  pre- 
cision measuring  equipment. 

^-2S.  The  PMEI  .  csiabli.slieti  n  accunluncc 
will*.  AFR  74-2  as  the  base  focai  ponn  in  Uie 
AF  single  integratt^d  calibration  ss^ieni.  \vi!l  he 
responsible  for: 

•  Operating    and    maintaining:    liu-  liighoi 
echelon  of  calibration   reference  standards  as 
signed  to  the  base. 

e  The  calibration  and  certification  of  cat';gor\ 
3  ecncrai-purpose  .AF  and  ct>nimercia!  test  cqutp- 
njcni. 

•  The  calibration  and  certification  of  general- 
piirpuse  AF  and  commercial  test  equipment  used 
as  con]ponent  parts  of  category  Z  equipnicsii 
which  does  not  require  calibration  in  place  and 
can  be  removed  to  the  PMF.L  for  the  work  to  be 
accomplished. 

•  Participating  with  other  base-assigned  or 
tenant  activities  in  calibration  of  category  I  and 
2  equipment  that  must  be  calibrated  in  place  and 
wliich  requires  skills  ur  equipment  available  onlv 
at  tiic  base  PMFL.  Base  reference  standards  svill 
not  be  removed  from  the  P.MEL  for  this  purpose. 

•  Calibration  and  certification  of  selected  cai- 
iiorv  2  items  specifically  identified  in  TO  33 K- 

i-di. 

6-29.  In  addition  lo  responsibilities  for  normal 
maintenance,  activities  having  responsibility  for 
maintenance  of  weapon  and  support  systems  and 
equipment  will  be  responsible  for: 

•  Calibration  of  category  I  and  2  equipment 
and  certification  of  category  3  equipment. 

•  Return  of  AF  and  commercial  general-pur- 
pose test  equipment,  including  any  category  4- 
type  items  in  their  possession,  to  the  base 
PMEL  on  a  scheduled  basis  for  calibration. 

•  Requesting  assistance  from  the  base  PMEI- 
on  category  1  and  2  items  on  which  such  as- 
sistance is  specified  in  the  applicable  33K  series 
weapon  system  TO. 

•  Requesting  command  assistance  through 
channels  for  calibrmion  of  category  2  equipment 
beyond  the  base  PMEL  resource  capability. 

6-30.  Any  category  1  and  2  items  on  which 
the  PMEL  has  participating  responsibility  for 
calibration  will  be  identified  during  the  weapon 
system  calibration  review  and  indicated  in  the 
applicable  33K  scries  TO. 

6-31.  Those  types  of  category  4  equipment 
'.uithorizcd  to  activities  other  than  the  base  PMEI- 
which  are  used  for  support  of  ad\anced  systems 
and  equipment  are  referred  to  the  base  PMEL 
lor  e;i!ibration.  The  base  PMFL  will  either  cali- 
brate or  will  have  these  devices  calibrated  by 
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an  echelon  capable  of  meeting  the  required  ac- 
curacy. 

6-32.  While  the  above  responsibiilties  are  di- 
rected generally  to  system  support  where  cate- 
gories can  be  readily  determined,  the  same 
principles  can  be  applied  to  **nonsystcm"  equip- 
ment. 

6-33.  Calibration  responsibilities  for  specific- 
items  of  equipment  are  published  in  TO  33K- 
1-01  and  the  system  calibration  measurement 
summary.  Activities  requiring  clarification  of 
equipment  categories  and  calibration  responsibi- 
lities not  listed  in  these  TO's  should  submit  their 
requirements  to  the  Calibration  and  Meteorology 
Division. 

6-34.  The  using  organization  is  responsible  for 
compiling  an  accurate  list  of  all  tools  and  equip- 
ment which  require  calibration,  inspection,  or 
adjustment  by  PMEL  or  the  calibrating  work  cen- 
ter. This  list  will  be  used  by  Data  Systems  to 
establish  the  PME  scheduling  master  file.  The 
using  organization  will  also  notify  Data  Systems 
whenever  the  owning  work  center,  building  num- 
ber, ur  phone  number  used  to  identify  the  loca- 
tion of  equipment  is  changed.  This  is  necessary 
in  order  for  Data  Systems  to  prepare  accurate 
scheduling  reports. 

6-35.  It  is  the  responsibility  of  the  using  or- 
ganization to  process  a  new  item  of  equipment 
through  the  PMEL  or  calibrating  work  center  to 
verify  calibration  of  the  item.  This  action  is  taken 
in  accordance  with  procedures  established  for 
scheduled  calibration.  The  input  forms  will  serve 
to  establish  a  scheduling  card  for  the  master  file 
to  control  future  calibrations. 

6-36.  The  organizational  equipment  custodian 
will  be  responsible  for  immediately  notifying  the 
PMEL  or  calibrating  work  center  of  all  changes 
(quantity,  serial  number,  etc.)  to  the  inventory  if 
manual  instead  of  mechanized  records  are  main- 
tained. 

6-37,  The  AFTO  Form  211  initiated  by  the 
owning  organization  must  contain  the  following 
entries. 

a.  The  owning  organization  will  enter  the  Fed- 
eral Supply  Class  Code  for  the  item  in  block  Ic. 

b.  The  owning  activity  will  enter  the  part  num- 
ber for  the  item  as  listed  on  the  data  plate  or  in 


the  parts  catalog  in  block  2c.  If  an  item  does  not 
have  a  part  number,  the  manufacturer's  model 
number  will  be  recorded  in  this  block.  If  the 
item  l)as  neither  a  part  number  nor  a  model 
number,  the  Federal  Item  Identification  Number, 
which  consists  of  all  digits  following  the  Federal 
stock  class,  will  be  recorded  in  this  space. 

c.  The  owning  activity  will  enter  the  manu- 
facturer's or  AF  serial  number  in  block  3c.  If 
no  manufacturer's  or  AF  serial  number  is  as* 
signed,  a  local  number  will  be  assigned  by  the 
PMEL  or  calibrating  work  center  and  this  num- 
ber will  be  used  as  long  as  the  equipment  is  as- 
signed to  the  base.  Locally  assigned  serial  num- 
bers will  not  exceed  eight  digits. 

d.  The  PMEL  or  calibrating  work  center  tech- 
nician or  the  owing  organization  will  enter  the 
appropriate  "when  discovered"  code  from  TO 
00-25-06-4-1,  Field  Maintenance  Shops  Work 
Unit  Code  Manual,  Precision  measuring  Equip- 
ment,  or  TO  00-25-06-2-2,  Field  Maintenance 
Instructions,  Work  Unit  Code  Manual,  Aerospace 
Ground  Equipment,  that  identifies  scheduled 
or  unscheduled  calibration  or  repair  of  the  equip- 
ment being  processed.  This  information  is  entered 
in  block  9  of  AF  Form  211. 

e.  The  owning  activity  will  enter  a  brief  de- 
scription of  the  work  required  in  block  K. 

/.  The  owning  activity  will  enter  the  work  cen- 
ter code,  building  number  where  the  equipment 
is  located,  and  the  phone  number  of  the  re- 
sponsible office  in  that  order.  This  information 
is  recorded  in  Block  L  of  AFTO  Form  211, 

6-38.  All  four  copies  of  the  AFTO  Form  211 
will  be  attached  to  the  item  by  the  owning  activity 
before  it  is  delivered  to  the  PMEL  or  calibrating 
work  center  workload  scheduler.  Upon  receipt, 
copy  1  of  the  form  will  be  signed  by  the 
scheduler  and  dated  in  the  last  line  of  block  K. 
Copy  1  of  the  AFTO  Form  211  will  then  serve  as 
a  receipt  by  the  owning  organization. 

6-39.  When  the  necessary  action  has  been  com- 
pleted on  the  PME  and  the  workload  scheduler 
has  properly  completed  the  forms,  the  equipment 
will  be  returned  to  the  using  activity.  The  work- 
load scheduler  will  obtain  the  AFTO  Form  211, 
copy  1,  at  this  time  and  destroy  it. 
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CHAPTER  3 


Diagnosing  System  Troubles 


IF  THE  TV  equipment  and  systems  arc  to 
operate  in  accordance  with  applicable  speci- 
fications, you  must  maintain  the  equipment  and 
systems  to  meet  certain  standards.  In  this  chapter 
we  will  discuss  some  of  the  procedures  for  diag- 
nosing system  troubles  and  the  general  manner 
in  which  diagnosis  is  accomplished.  The  follow- 
ing system  troubles  are  not  intended  to  familiar- 
ize you  with  one  specific  system,  but  rather  to 
acquaint  you  with  the  general  nature  of  all  s>s- 
lems.  In  addition  to  discussing  a  number  of 
troubles,  we  will  discuss  symptoms  of  troubles, 
symptom  analysis,  and  associated  circuit  per- 
formance. 

2.  Troubles  of  the  transmission  system  will 
be  discussed  first  and  the  receiving  system  last 
in  this  chapter.  However,  remember  there  will 
be  interrelated  symptoms.  Yet.  with  cumulative 
experience,  it  will  become  easier  to  recognize 
in  which  of  the  systems  or  unit  of  a  system  a 
trouble  exists.  The  major  units  of  the  transmis- 
sion system  wiitre  problems  can  arise  are  power 
supply,  sync  generator,  camera,  switcher,  disiri-- 
buiion  amplifiers,  monitor,  exciter,  and  transmit- 
ting antenna.  The  major  units  of  the  receiving 
system  are  subdivided  into  two  groups;  however, 
this  is  only  an  arbitrary  subdivision  as  other 
combinations  are  possible.  For  our  purposes  we 
will  divide  the  receiving  equipment  in  the  fol- 
lowing manner:  antenna,  cable,  and  receiver; 
tape  machine,  distribution  amplifiers,  and  moni- 
tor. 

3.  To  communicate  by  television,  we  need  only 
a  few  items  of  equipment.  However,  if  equip- 
ment problems  are  studied  in  a  complete  system, 
you  will  be  able  to  understand  these  problems 
in  a  simple  system.  The  symptoms  presented 
and  reasoning  used  to  locate  the  unit  at  fault 
are  intended  to  help  you  become  proficient  in 
diagnosing  system  troubles.  Tlie  symptoms  and 
problems  form  a  pattern  for  diagnosing  svstcjTi 
troubles,  which  may  be  similar  or  different,  yet 
the  analysis  process  is  the  same. 


7.  Transmission  System  Troubles 

7-1.  We  must  be  able  lo  climinaie  either  the 
transmitting  system  or  receiving  system  as  thv 
first  step  toward  locating  the  trouble.  Wl  should 
be  able  to  recognize  interference  due  to  spurious 
signals,  ghost  signals,  adjacent  channel  or  co- 
channel  signals,  and  local  oscillators  which  are 
radijiing  signals,  plus  many  more  signal  sources. 
Incidental!),  these  interfering  signals  ma>  be  pre- 
sent in  both  cable  and  radiated  systems.  In 
system  maintenance  when  we  are  locating  trans- 
mission system  trouble,  v^e  would,  in  a  sen>e. 
use  a  split  system  analysis.  In  a  radiated  s\s- 
tem.  for  example,  we  would  simply  select  an- 
other channel  to  determine  if  the  receiver  was 
functioning  properly.  In  cable  broadcast  we 
could  do  the  same;  however,  in  most  closed 
circuit  systems,  we  would  only  need  to  feed  in  a 
test  signal  from  installed  test  equipment.  In  any 
case,  after  insuring  that  the  receiver  is  woricing 
properly,  we  assume  the  transmission  system  to  be 
faulty.  When  the  preliminary  analysis  is  com- 
pleted and  the  transmission  system  is  found  to  be 
at  fault,  the  ensuing  steps  are  to  locate  and 
repair  the  trouble  or  troubles. 

7-2.  The  following  troubleshooting  and  trouble 
analysis  procedures  for  a  television  system  are 
based  upon  system  operation.  Faults  can  be  iso- 
lated, to  some  extent,  during  preliminary  test 
setup  operations  by  observing  the  results  of  these 
operations  on  the  viewer  monitors  and  the  main- 
tenance monitor.  .Normally,  operating  units  can 
be  eliminated  as  a  source  of  trouble  by  switch- 
ing between  cameras  and  monitors  and  observ- 
ing all  units  before  starting  trouble  analysis  of 
the  system.  For  example,  a  malfunction  in  one 
of  the  camera  units  could  indicate  a  possible 
trouble  in  the  monitor,  the  switching  and  distri- 
bution circuits,  or  the  camera.  By  switching  the 
monitor  lo  use  another  camera,  the  monitor  and 
the  switching  and  distribution  circuits  are  elimi- 
nated as  the  cau.se  of  trouble. 

7-3.  The  orocedurcs  in  this  section  are  limited 
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\o  diagnosing  troubles  of  a  complete  system  be- 
cause you  have  already  studied  troubleshootins 
ami  trouble  analysis  of  the  individual  units  in 
the  ^\sfcm.  In  some  instances  a  reverse  prc^ce- 
dure  is  used;  that  is.  the  trouble  given  l\>r  a 
unit  of  the  system.  The  following  discussion  con- 
cerns the  symptoms  as  they  appear  ihrouiihout 
the  system. 

7-4.  Power  Supply.  In  our  first  example  we 
will  take  a  known  trouble  and  list  the  symptoms 
which  will  he  found  throuiihout  the  system.  Re- 
member, this  is  a  prineiplc-ccntcrcil  study  and 
not  a  specific  power  supply.  Assume  you  have 
a  power  supply  which  provides  unregulated  volt- 
ages, regulated  voltage,  and  centering  current. 
We  will  assume  that  the  unregulated  output  volt- 
ages and  the  centering  currc*  t  are  normaL  but 
the  regulated  voltage  outpu;  's  zero.  In  some 
instances  this  trouble  can  be  found  by  a  voltage 
check  with  the  meter  built  into  the  power  supply. 
In  other  cases  it  will  be  necessan  to  find  the 
trouble  through  analysis  of  the  equipment  symp- 
toms, which  would  require  verification  by  the 
use  of  an  external  meter  at  checkpoints. 

When  there  is  a  failure  of  the  regulated 
voltage  output,  the  symptoms  would  be  raster 
t^nly  on  utility  monitor  and  camera  control  moni- 
tor: the  camera  view-  finder  will  not  have  a  raster, 
and  the  waveform  monitor  will  have  a  trace 
line  without  any  video  modulation.  However, 
these  symptoms  could  also  be  present  in  a  cam- 
era control  unit  which  uses  a  free-running  oscil- 
lator driven  by  the  syne  generator.  For  example, 
if  the  sync  generator  drive  failed,  you  would  lose 
the  oscillator  output  and  thus  the  signal. 

7-6.  A  note  of  caution  when  looking  at  the 
reverse  of  the  preceding  analysis  symptoms: 
Never  grasp  at  a  quick  conclusion  when  an  image 
disappears  from  a  screen.  With  the  disappearance 
of  an  image  on  one  monitor  or  vicwfinder.  cross- 
check with  other  monitors.  If  the  presentation 
is  from  a  live  camera  and  it  is  in  a  closed  circuit 
system,  there  will  probably  be  a  voice  circuit  to 
aid  in  making  the  suggested  checks,  if  the  pre- 
sentation is  from  a  taped  source,  there  will  be  a 
monitor  on  the  tape  machine  or  in  the  tape  room, 
thus  enabling  cross-checks  with  the  initiating 
point. 

7-7.  Again  referring  to  the  power  supply  as  a 
source  of  trouble,  you  can  examine  the  symptoms 
for  a  clue  to  the  actual  power  supply  trouble. 
As  previously  stated,  you  do  not  have  regulated 
voltage;  therefore,  there  is  no  image  pickup  but 
there  is  a  raster  on  camera  control  monitor.  This 
indicates  there  is  some  high  voltage  present;  thus, 
it  can  be  assumed  that  the  control  relay  of  the 
power  supply  is  functioning.  On  the  other  hand, 
if  you  do  not  have  any  voltage  present,  you 


would  assume  that  a  relay  could  be  at  fault. 
Most  power  supplies  are  equipped  with  time- 
delay  devices  to  permit  adequate  warmup  time. 
If  the  timo-dclay  device  f relay)  should  fail,  this 
will  eliminate  the  various  output  voltages^  and  it 
will  also  eliminate  any  centering  current  output. 
The  exact  nature  of  the  trouble  as  to  its  symptoms 
will  also  depend  on  the  power  supply  itself.  If 
the  heating  element  of  the  tie  delay  is  open,  then 
the  pilot  light  probably  will  not  light.  If  the 
fuse  is  blown,  this  will  give  the  same  indication. 
Through  this  reasoning  you  will  probably  check 
the  fuse  and  pilot  light  before  checking  the  time- 
delay  relay.  .Again,  it  is  a  matter  of  reading  the 
symptoms  correctly  and  being  able  to  make  a 
quick  diagnosis  of  the  possible  troubles.  Con- 
sequently\  a  faster  repair  can  be  made  and  the 
system  will  be  returned  sooner  to  operational 
status. 

7-8.  Sync  Generator.  Assume  that  you  have  a 
closed  circuit  system  in  which  the  monitor  in 
your  room  is  tearing  horizontally.  This  is  not 
the  even  displacement,  such  as  the  Venetian  blind 
effect,  but  represents  the  loss  of  scanning  lines 
or  portions  of  lines  anywhere  in  the  picture 
due  to  something  which  affects  synchronization. 
Normally,  your  first  assumption  is  that  the  hori- 
zontal oscillator  of  the  monitor  in  question  is 
not  operating  properly.  Again,  it  is  important  that 
a  cross-check  with  other  monitors  be  made  where 
possible.  If  a  cross-check  is  not  possible,  then 
a  check  with  monitors  at  the  point  of  origin  of 
the  signal  is  the  next  step.  A  check  in  this 
instance  reveals  that  all  monitors  are  giving  the 
same  indications  of  tearing. 

7-9.  If.  in  a  given  instance,  a  cross-check  did 
not  give  the  same  indications  but  rather  only 
one  set  had  the  indications  and  this  was  con- 
nected to  only  one  distribution  amplifier,  then 
you  would  check  the  distribution  amplifier  or  the 
monitor.  A  substitution  of  a  distribution  ampli- 
fier or  another  monitor  would  localize  the  trouble 
to  the  given  unit  of  a  system. 

7-10.  Going  back  to  the  original  set  of  symp- 
toms, cross-check  with  other  sets,  and  then  pro- 
ceed on  to  the  sync  generator.  Here  you  again 
substitute,  if  possible,  to  localize  to  the  sync 
generator.  If  you  do  not  have  a  spare  sync 
generator,  you  would  probably  use  a  scope  to 
check  the  15.750  signal.  If  this  signal  is  mt 
stable,  you  will  find  the  symptoms  as  indicated. 
Another  method  of  checking  frequency  stability 
is  to  use  a  frequency  counter  with  a  short*time 
constant,  since  it  will  indicate  the  frequency  drift 
by  recounting  the  frequency  each  time  it  changes. 

7-11.  Camera.  In  this  instance,  assume  the 
situation  of  a  live  camera  presentation  with  a 
number  of  monitors  in  use  simultaneously.  The 
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following  symptoms  appear:  you  have  a  normal 
picture  and  the  presentation  is  normal;  suddLMiIy 
the  normal  presentation  is  interrupted  and  there 
is  only  a  raster  on  the  monitor  in  question.  Im- 
mediately a  cross-check  is  made  to  determine  if 
the  same  indications  are  to  be  found  on  other 
monitors.  In  this  instance  all  monitors  are  the 
same;  that  is,  a  raster  but  no  picture.  After  a 
cross-check  of  monitors,  a  check  to  see  if  the 
camera  has  an  output  is  in  order.  The  next 
logical  step  is  to  use  a  substitute  camera  to  make 
the  final  determination  of  a  faulty  camera. 

7-12.  Another  camera  trouble  which  happens 
quite  frequently  is  the  (white)  high-peaker  ad- 
justment. The  symptoms  of  this  trouble  are  while 
streaks  to  the  right  of  an  object  as  it  appears  on 
the  monitor  screen.  When  this  symptom  appears, 
and  if  a  cross-check  is  made,  the  same  indica- 
tions will  appear  on  the  other  monitors.  A  sub- 
stitute camera  should  eliminate  this  trouble,  un- 
less the  second  camera  would  have  the  same 
trouble  (which  is  unlikely).  The  actual  trouble 
in  the  camera  is  the  high-frequency  compensators 
out  of  adjustment.  This  trouble  can  usually  be 
corrected  by  adjusting  the  high-peaker  control 
while  observing  the  monitor  screen. 

7-13.  There  is  another  very  similar  trouble 
which  occurs  in  the  black  regions  of  the  signal. 
Since  this  is  in  the  dark  portions  of  the  picture, 
it  is  not  so  noticeable.  The  dark  streaking  will 
be  most  noticeable  when  a  test  pattern  is  being 
picked  up  by  the  camera.  The  blacks  will  have 
trailing  streaks  to  their  right  as  observed  on  the 
monitor  screen.  This  can  be  adjusted  by  chang- 
ing the  setting  of  the  low-frequency  peaking  con- 
trol, while  observing  the  monitor  screen.  When 
a  major  realignment  of  these  circuits  is  necessary, 
a  sweep  generator  and  a  scope  must  be  used  to 
obtain  the  correct  envelope  presentations. 

7-14.  Switcher.  A  symptom  which  will  appear 
as  a  result  of  faulty  switcher  contacts  is  a  loss 
of  sync.  This  will  be  evidenced  by  the  vertical 
roll  and  the  horizontal  flopover  of  the  picture. 
These  symptoms  may  appear  together  or  individ- 
ually. This  trouble  can  be  quickly  checked  on 
a  live  program  by  checking  the  line  monitor  at 
the  immediate  output  of  the  switcher.  The  line 
monitoi  compared  to  the  camera-ready  monitors 
and  preview  monitors  will  immediately  localize 
the  trouble  to  the  switcher. 

7-15.  Another  trouble  which  will  be  evident  to 
the  switcher  operator  is  the  loss  of  picture  after 
punch  up.  This  is  where  there  is  a  picture  while 
the  switcher  button  is  pushed  down;  but  when 
the  button  is  released,  the  picture  on  the  line' 
monitor  disappears.  This  is  a  fault  in  the  switch 
buttons  of  the  switcher  panel.  These  troubles 
may  be  further  localized  by  punching  up  another 


camera  to  cross-check  with  another  sclecter  hut- 
ton  on  the  switcher  control  panel.  In  this  way 
the  trouble  may  be  localized  to  the  exact  push- 
button at  fault.  Use  an  oscilloscope  to  circuit 
trace  in  the  switcher,  when  locating  the  exact 
set  of  contacts  at  fault,  or  in  some  cases  the 
relay  at  fault. 

7-16.  Dislribulion  Amplifiers.  There  are  two 
basic  types  of  distribution  amplifiers:  the  pulse 
distribution  amplifiers  and  the  video  distribution 
amplifiers.  They  are  similar  in  their  construction 
and  use;  however,  the  pulse  distribution  amplifier 
is  designed  to  handle  more  power  than  the  video 
distribution  amplifier.  The  pulse  distribution  am- 
plifier also  has  more  adjustments;  thus  it  is  set 
up  in  a  different  manner.  These  two  basic  types 
are  not  to  be  interchanged  in  an  installation.  If 
they  are  inadvertently  interchanged  during  in- 
stallation, there  will  be  problems  in  the  initial  ad- 
justments of  the  system.  If  during  checkout  of  a 
new  system  this  difficulty  of  adjustment  is  ex- 
perienced by  personnel,  the  first  items  to  look  at 
would  be  the  distribution  amplifiers  to  see  if  the 
correct  units  are  installed. 

7-17.  Pulse  distribiaion  amplifiers.  The  pulse 
distribution  amplifiers  can  be  responsible  for  a 
number  of  symptoms  in  a  live  camera  system. 
Individual  pulse  distribution  amplifiers  can  be 
responsible  for  loss  of  sync  pulses,  vertical  drive 
pulses,  horizontal  drive  pulses,  and  blanking 
puLses.  This  would  be  indicated  by  failure  of  the 
respective  picture  elements  as  they  appear  on  a 
monitor  screen.  Another  factor  is  the  actual 
system  location  of  the  pulse  distribution  ampli- 
fier: this  location  will  determine  the  overall  effect 
and  symptom  indication. 

7-18.  Assume  that  the  system  is  a  live  camera 
presentation  and  suddenly  the  picture  disappears 
on  a  room  monitor.  Immediately  upon  making  a 
cross-check  of  other  monitors  in  the  system,  you 
find  there  are  no  images  on  any  monitors,  but 
there  are  rasters  present.  However,  when  the 
monitor  on  the  camera  (view  finder)  is  checked 
it  does  not  have  a  raster.  This  symptom  could 
be  an  indication  of  a  failure  of  either  the  vertical 
or  horizontal  sweep  signal.  The  failure  of  either 
of  these  signals  will  result  in  the  activation  of 
the  camera  protection  circuit  to  prevent  burning 
of  the  camera  tube  or  the  picture  tube.  Since 
there  are  separate  pulse  distribution  amplifiers 
used  to  drive  the  horizontal  and  the  vertical 
sweep,  it  can  be  concluded  that  a  failure  of  either 
of  these  distribution  amplifiers  would  cause  the 
system  to  give  the  indicated  symptoms. 

7-19.  As  you  will  recall,  there  is  also  a  sepa- 
rate pulse  distribution  amplifier  for  the  blanking 
pluse.  Consequently,  if  this  di.stribuiion  amplifier 
fails,  then  the  blanking  pulses  would  not  be  pre- 
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sent  to  eliminate  the  retrace  lines.  Thus,  in  the 
picture  presentation  there  would  be  retrace  lines 
visible  on  the  system  monitors.  A  word  of  cau- 
tion— in  some  monitors  if  the  brightness  is  in- 
correctly adjusted,  retrace  lines  may  also  be  visi- 
ble. This  emphasizes  the  value  of  making  a 
cross-check  with  other  monitor  units  of  the  sys- 
tem. 

7-20.  If  the  pulse  distribution  amplifier  which 
IS  used  for  the  sync  pulse'  fails,  then  there  will 
be  a  loss  of  both  vertical  and  horizontal  sync. 
This  is  evidenced  by  vertical  roll  or  horizontal 
flopover  in  the  video  presentation.  Since  individ- 
ual monitors  in  many  cases  have  adjustments  for 
this,  it  is  important  that  a  cross-check  with  other 
sets  be  made  before  any  conclusions  are  drawn. 

7-21.  Video  distribution  amplifiers.  The  video 
distribution  amplifier  is  designed  to  pass  either 
the  blanked  video  only,  composite  video,  or  sync 
signal.  Its  actual  use  depends  upon  its  location  in 
the  system.  Therefore,  any  symptom  that  is  to  be 
traced  to  a  video  amplifier  must  be  thought  of  in 
relation  to  the  amplifier's  location.  If  it  is  in  the 
system  prior  to  the  sync  being  added,  the  com- 
posite signal  will  have  sync  but  it  will  not  have 
video.  Suppose  you  have  a  loss  of  composite 
signal,  but  on  a  cross-check  you  find  that  the 
sync  and  the  blanked  video  signals  are  present 
in  the  system.  This  combination  of  symptoms 
indicates  that  the  distribution  amplifier  responsi- 
ble is  located  in  the  system  following  a  point  at 
which  the  composite  signal  was  formed — proba- 
bly at  the  switcher  output.  Most  of  the  system 
troubles  that  may  be  traced  to  a  video  distribu- 
tion amplifier  will  never  occur.  Or  it  can  be  said, 
they  should  not  occur  because  during  the  preop- 
erational test  all  normal  problems  will  be  recog- 
nized and  repairs  will  be  made. 

7-22.  Assume  that  a  tube  weakens  in  a  video 
distribution  amplifier  used  to  amplify  the  com- 
posite output  signal  and  a  dimming  of  picture 
signal  is  apparent.  A  cross-check  also  reveals 
the  identical  symptoms  on  all  monitors,  includ- 
ing the  line  monitor  in  the  control  room;  how- 
ever, it  would  not  include  the  preview  monitor 
and  the  individual  camera  monitors  located  along 
with  the  line  monitor.  Again  it  is  the  situation  of 
reasoning  out  the  most  likely  problem  from  the 
symptoms  presented,  and  keeping  this  idea  in 
mind,  you  will  find  most  of  the  trouble  sources 
rapidly. 

7-23.  Moniton  Since  the  monitor  is — in  a  man- 
ner of  speaking — the  end  of  a  system,  there  will 
be  few  troubles  inserted  into  the  system  from 
the  monitor.  The  monitor  is  the  termination  for 
each  output  of  the  video  distribtuion  amplifiers. 


7-24.  Assume  there  is  a  sudden  loss  of  signal 
ax  a  particular  monitor.  With  a  cross-check  you 
find  there  is  a  signal  present  at  the  other  moni- 
tors connected  to  the  same  video  distribution  am- 
plifier. The  distribution  amplifier  would  not  be  at 
faujljn  this  instance  unless  there  was  an  open 
in  the^output  for  the  specific  monitor.  Now  if  you 
have  the  symptom  of  no  signal  at  a  monitor,  and 
on  a  cross-check  you  find  there  is  no  signal  at 
the  associated  monitors  connected  to  the  same 
video  distribution  amplifier,  the  first  suspected 
fault  would  be  the  video  distribution  amplifier. 


7-25.  Exciter.  The  term  ^'exciter"  is  used  to 
identify  the  r-f  signal  generator  used  in  either  the 
cabled  closed  circuit  or  the  radiated  signal  sys- 
tem. In  the  case  of  the  cabled  system,  with  a 
video  r-f  carrier,  if  the  exciter  were  to  fail  there 
would  be  a  loss  of  the  video  signal.  In  some  of 
the  more  elaborate  cable  systems  the  exciter  is 
used  to  generate  a  carrier  for  both  the  video 
and  audio;  an  exciter  failure  results  in  a  failure 
of  both  video  and  audio  signals.  This  is  assum- 
ing that  the  failure  is  of  a  nature  that  would 
cause  a  loss  of  power  to  the  entire  unit.  There 
will  be  instances  where  only  a  tube  fails  and 
thus  only  one  signal  will  be  lost. 

7-26.  Assume  the  situation  of  a  cabled  closed 
circuit  system  which  uses  an  r-f  carrier  for  both 
the  video  and  audio.  In  this  instance  *t  will  be 
rather  easy  to  find  the  part  of  the  system  that 
is  at  fault  when  a  failure  of  the  exciter  unit 
occurs.  For  example,  if  suddenly  the  monitor's 
video  image  is  lost  and  the  audio  is  good,  many 
possible  troubles  are  eliminated  immediately. 
Reason  it  this  way:  If  a  cable  breaks  or  power 
failure  occurs,  all  signals  will  be  lost.  By  making 
a  cross-check,  it  is  determned  the  other  monitors 
have  the  same  symptoms;  therefore,  you  will 
know  the  trouble  is  at  a  point  in  the  system  com- 
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mon  to  all  monitors.  A  further  check  reveals 
that  the  line  monitor  at  the  input  of  the  exciter 
modulator  section  has  a  video  signal  present. 
Thus,  all  of  the  sections  arc  eliminated  as  a 
source  of  trouble  except  the  modulator  portion 
and  the  exciter  stages.  It  is  assumed  that  the  r-f 
carrier  is  common  to  both  the  video  and  audio 
stages;  therefore  if  the  audio  is  being  received 
and  the  video  is  not,  the  r-f  section  of  the  exciter 
unit  must  be  good.  This  would  leave  the  source 
of  trouble  as  the  video  modulator  portion  of  the 
exciter  unit. 

7-27.  If  the  system  being  used  is  of  the  type 
which  uses  an  r-f  carrier  for  video,  and  the  audio 
is  transmitted  by  conventional  wire,  the  techni- 
que will  be  simpler.  In  this  instance,  there  will 
only  be  one  signal  (video)  to  be  affected  by  the 
failure  of  the  exciter.  In  this  case,  it  will  be 
merely  a  matter  of  elimination  to  determine  the 
point  at  which  the  video  signal  is  no  longer 
present. 

7-28.  The  exciter  becomes  a  very  important 
part  of  the  radiated  system,  both  broadcast  and 
relay.  In  the  case  of  the  relay  system  the  exciter 
can  be  used  as  a  carrier  for  the  video  only  or  it 
can  be  used  for  a  carrier  of  video  and  audio. 
The  broadcast  system  does  not  use  the  same 
exciter  for  both  the  video  and  audio  carrier. 
As  you  will  recall  from  earlier  volumes,  the 
video  is  AM  and  the  audio  is  FM. 

7-29.  This  tells  us  that  the  relay  system  will 
have  a  complete  failure  of  both  signals  when 
one  common  carrier  is  used.  However,  in  the 
instance  where  the  relay  system  uses  a  video  r-f 
carrier  and  the  audio  is  carried  by  wire,  there 
will  be  only  one  signal  failure  as  a  result  of  e.x- 
citer  failure. 

7-30.  The  broadcast  system  will  also  experi- 
ence separate  exciter  failures.  That  is,  the  exicter 
for  video  will  not  affect  the  one  for  the  audio 
unless  it  causes  a  complete  power  failure,  as 
would  be  true  in  case  the  audio  exciter  caused 
a  power  failure.  Where  the  exciter  units  or  as- 
sociated modulator  units  fail  in  the  broadcast 
system,  it  will  usually  require  more  extensive 
troubleshooting  to  find  the  source  of  the  trouble. 
The  failure  of  the  video  will  give  more  symptoms 
than  the  audio  because  of  the  fact  that  it  is  AM. 
This  means  there  can  be  a  carrier  signal  present 
even  though  the  video  modulator  fails.  This  is 
^evidenced  by  the  gray  raster  but  no  image  is 
present  on  the  picture  tube. 

7-31.  Transmitting  Antenna.  Transmitting  an- 
tennas are  in  two  basic  categories:  the  broad- 
cast antenna  and  the  microwave  relay  antenna. 
Therefore,  there  are  two  basic  types  of  problems 
as  related  to  the  use  of  the  antenna.  For  exam- 
ple, the  broadcast  antenna  failure  will  be  noted 


on  ai!  receiving  seiF.  v.hcreas  m  :i  clo.scd  circuit 
systein  with  a  microwave  link,  a  relay ••ar.tcnn:i 
failure  will  be  noted  only  on  the  closed  circuit 
receiving  system.  The  overal!  effect  of  an\  an- 
tenna failure  will  ol  course  be  indicated  tirsi 
on  the  receiving  sets.  The  indications  on  the 
sets  will  be  any  variatiiMi  from  a  wcakeninu  o^ 
picture  to  a  complete  loss  of  picture.  Also,  since 
the  audio  carrier  is  fed  in  from  a  separate  trans- 
mitter in  the  case  of  the  broadcast  unit,  there 
could  be  a  weakening  or  loss  of  audio  which 
woud  be  directly  attributable  to  the  antenna  sys~ 
tem. 

7-32.  Brooilcast.  In  most  instances  the  main- 
tenance personnel  will  recoiinize  trouble  symp- 
toms associated  with  a  broadcast  antenna  just  as 
quickly  as  those  using  receiving  sets.  There  will 
be  instances  where  those  using  receivers  will 
notice  problems  first;  however,  unless  they  are 
trained  maintenance  personnel,  they  will  not  be 
able  to  recognize  the  difference  in  receiver  prob- 
lems and  transmitter  problems.  If  the  transmit- 
ting antenna  becomes  damaged  or  the  coaxial 
cable  becomes  damaged,  there  will  be  an  alarm 
signal.  Tliis  may  be  either  audible  or  visual,  but 
it  will  indicate  the  failure  of  the  antenna  system. 
Then  by  analyzing  the  associated  meters,  the  ex- 
act type  of  failure  can  be  determined.  In  this 
type  of  trouble  there  ij  not  a  great  problem  in 
finding  the  part  of  the  system  at  fault.  It  will 
require  more  extensive  analysis  to  determine  the 
exact  cause  of  the  trouble,  but  the  system  has 
been  located  and  repair  action  can  be  initiated. 

7-  33.  Microwave  relay.  The  failure  of  a  micro- 
wave relay  antenna  will  be  more  of  a  go  or  no-go 
situation.  This  is  due  to  the  limited  power  and 
directivity  of  the  antenna  because  if  power  weak- 
ens or  alignment  is  changed,  there  will  be  no 
signal.  As  stated  earlier,  normally  there  will 
be  only  one  receiver  unit  affected — the  micro- 
wave receiver.  However,  the  receiver  will  be 
connected  to  a  monitor  system  which  may  contain 
one  or  more  monitor  units.  The  monitors  will 
not  receive  a  signal  and  the  video  and  audio 
will  be  lost.  Those  using  the  monitors  will  be 
aware  of  a  failure  but  will  not  know  its  exact 
location.  Both  the  microwave  receiver  and  trans- 
mitter will  alarm  when  the  signal  is  lost.  There 
is  little  effort  required  to  locate  the  system  caus- 
ing the  trouble.  The  problem,^will  be  in  finding 
the  trouble  in  the  system  by  using  test  equipment. 

8.  Receiving  System  Troubles 

8-  1.  .As  already  stated,  the  receiving  equip- 
ment may  be  divided  into  a  number  of  combina- 
tions. Also  the  receiving  equipment  may  be 
combined  into  one  large  system  in  which  all  the 
different  types  of  units  are  used,  even  to  the 
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exicnl  of  duplicaion  of  many  of  the  units.  As 
already  implied,  there  will  be  a  large  number  of 
monitors  or  receivers  in  most  systems.  Logical 
reasoning  will  lead  to  the  conclusion  that  where 
the  most  equipment  is  involved  in  a  system  there 
will  be  more  system  problems.  In  contrast  there 
will  be  a  minimum  number  of  antennas,  cables, 
tape  machines,  and  distribution  amplifiers.  Fig- 
ure 2  illustrates  an  overall  combination  of  re- 
ceiving equipment.  Any  given  installation  could 
include  part  or  all  of  the  equipment  shown  in  the 
illustration. 

8-2.  Simple  System.  The  term  -simple  system" 
is  used  here  only  as  a  means  of  separating  sys- 
tems- The  simplest  system  then  includes  an  an- 
tenna, a  cable  from  the  antenna  to  the  receiver, 
and  the  receiver.  In  this  system  if  you  lose  the 
video  and  audio,  but  still  have  a  lighted  screen, 
you  would  suspect  the  incoming  signal.  The 
quickest  check  is  to  change  channels.  If  there 
still  is  no  signal,  the  next  step  is  to  check  the 
immediate  system.  This  includes  the  cable  con- 
nections, the  cable,  and  the  antenna.  If  a  visual 
inspection  reveals  the  connections  and  cable  to 


be  in  apparently  good  condition,  the  next  step 
is  to  use  test  equipment.  When  more  than  one 
receiver  is  available,  substitution  of  receivers  will 
localize  to  one  specific  cable  or  antenna.  In 
some  installations,  one  antenna  will  serve  more 
than  one  receiver.  Where  this  type  of  installa- 
tion is  used,  a  simple  cross-check  of  receivers 
will  be  sufficient  to  localize  the  trouble. 

8-3.  There  will  be  installations  where  the  sim- 
ple system  is  a  part  of  a  large  system.  Where 
this  is  true,  there  will  be  a  variety  of  checks 
that  can  be  made  to  determine  if  the  antenna, 
cable,  or  reciver  is  at  fault.  Again  look  at  figure 
2  and  you  will  see  that  in  the  large  installation 
the  simple  system  is  connected  to  the  overall  sys- 
tem; thus,  an  overall  check  is  possible  with  moni- 
tors or  built-in  test  equipment  to  localize  trouble 
areas. 

8-4.  Complex  System.  The  term  "complex  sys- 
tem'' is  used  to  have  a  point  of  reference.  The 
complex  system  can  be  represented  by  figure  2 
or  it  could  have  fewer  units  as  well  as  more  units 
to  make  up  the  overall  system.  Logical  reason- 
ing tells  us  that  there  is  litlie  interaction  between 
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units  of  the  simple  sysien  to  complicate  anv  sys- 
tem analysis.  In  the  complex  ivstem  this  is  r..)t 
the  case,  as  a  truubie  iw  one  ;irca  can  affect  tho 
entire  system. 

8-5.  .Assume  iliat  only  a  pcr';on  of  the  sys- 
tem is  in  operation — the  tape  machme.  the  di- 
tribution  amplifier,  and  monitors.  In  this  instance 
if  a  video  image  is  not  obtained  on  a  monitor, 
the  trouble  could  be  in  the  cables,  switcher, 
distribution  amplifiers,  or  tape  machine.  An 
open  cable  between  the  switcher  and  the  monitor 
would  cause  a  loss  of  image;  however,  this  trou- 
ble could  be  checked  by  using  a  known  good 
monitor.  Also  a  faulty  distribution  amplifier  could 
cause  the  same  symptom,  but  substitution  wyulu 
aid  in  localizing  the  faulty  unit.  If  the  tape  ma- 
chine were  faulty,  then  when  video  on  a  monitor 
was  lost,  all  monitors  would  have  the  same  indica- 
tions. A  check  with  the  tape  machine  video  iniMii- 
tor  and  the  tape  machine  waveform  monitor  will 
quickly  indicate  that  the  tape  machine  is  the 
trouble  source. 

8-6.  The  distribution  amplifier  unit  can  be 
affected  by  a  monitor  in  such  a  manner  to  cause 


If  blow  a  t*i:be  uiul  ihus  affect  the  rest  of 
^ysIont.  'Iliis  would  be  the  SuUK*  as  dis- 
ci*: scd  in  the  previous  section  nn  transmission 
lii-iiibution  amplifiers.  The  distribution  ampli- 
■)er  power  supply  unit  'aiiure  would  have  the 
Same  effect,  in  tha?  i:  wv^uld  affect  more  tlian  oik* 
distribution  amplifier.  Tiiis  unuM  also  affect  ail 
monitors  attaclicrj  to  the  distribution  aniplilicr 
units  the  same  as  would  be  revealed  by  ;»  cn^ss- 
check  of  monitors. 

S-7.  The  complex  system  will  enable  a  iiu^re 
comprehensive  stud\  of  system  troubles.  When 
troubleshooting  a  system,  always  remember  to 
use  al!  available  symptoms,  learn  to  read  the 
S)mploms.  and  analyze  them  to  determine  tijc 
unit  which  is  faui:y.  Never  fail  to  compare  sys- 
tem symptoms  as  this  will  lead  to  a  rapid  repair 
and  thus  keep  a  system  on  the  air.  If  a  signal 
does  not  reach  its  destination,  regardless  of  the 
cause,  then  efficiency  is  lost.  TiKTcfore  all  parts 
of  the  system  are  important,  as  you  will  see  from 
the  planning  involved  in  system  installation,  as 
covered  in  the  next  chapter, 
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^  ^of  this  publication  has  (have)  been  deleted  in 
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adapting  this  material  for  inclusion  in  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  in  vocational  and  technical  education. 
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This  workbook  places  the  materials  you  need  where  you  need  them  while  you 
arc  studyinc.  In  it,  you  will  find  the  Study  Reference  Guide,  the  Chapter  Review 
Exercises  and  their  answers,  and  the  Volume  Review  Exercise.  You  can  easily 
compare  textual  references  with  chapter  exercise  items  without  flipping  pages 
back  and  forth  in  your  text.  You  will  not  misplace  any  one  of  these  essential 
study  materials.  You  will  have  a  single  reference  pamphlet  in  the  proper  sequence 

for  learning.  »  ,  ,u 

These  devices  in  your  workbook  arc  autoinstructional  aids.  They  take  the 
place  of  the  teacher  who  would  be  directing  your  progress  if  you  were  in  a 
classroom.  The  workbook  puts  these  self-teachers  into  one  booklet.  If  you  will 
follow  the  study  plan  civen  in  "Your  Key  to  Career  Development,  which  is 
in  your  course  packet,  you  will  be  leading  yourself  by  easily  learned  steps  to 
mastery  of  your  text. 

If  you  have  any  questions  wiiich  you  cannot  answer  by  referring  to  Your 
Key  to  Career  Development"  or  your  course  material,  use  ECl  Form  17,  "Student 
Request  for  Assistance,"  identify  yourself  and  your  inquiry  fully  and  send  it  to 
ECI. 

Keep  the  rest  uf  this  workbook  in  your  files.  Do  not  return  any  other  part 
of  it  to  ECI. 
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-  /  w  :hc  ihiiile  as  unt  i  onwkte  the  ynlimie  Rwiew  Exvrdse  and  for  Review  after  Feedback  on 
the  Results  After  each  item  number  <m  >i)ur  VRF.  is  a  three  digit  number  m  parenthesis.  That 
number  ei^rresniiiuls  to  the  (Wiide  Number  in  this  Study  Reference  Guide  which  shows  you  where 
ihe  answer  to  WrM  \'KI.  Hem  can  be  found  in  the  text.  When  ansvverinti  ll|C  items  in  your 
\  Ri  refer  to  the  areas  in  the  texi  indicated  by  these  Guide  Numbers.  Ihc  VRh  results  wil  be 
.cm  \o  vou  on  a  Pi)Ucard  which  will  list  the  actual  VRE  hems  you  nuxsed.  Go  to  your  VRh 
booklet  and  locate  the  Guide  Number  for  each  Hem  missed.  List  these  Guide  Numbers.  1  hen  go 
back  to  vour  textbook  ami  carefully  review  the  areas  covered  by  these  Guide  Numbers.  Review 
ihe  entire  VRF-  again  before  you  take  the  closed-book  Course  Examination. 
^  (  se  the  (j'uide  for  l-ollow-ut'  after  you  t on wlcte  the  Course  ExaminatUm.lhc  CE  x^%\x\}^^ 
W  sent  lo  vou  on  a  postcard,  which  vvill  indicate  -Satisfactory"  or  ^Unsatisfactory"  completion. 
Ihe  card  will  list  Guide  S umbers  relating  to  the  questions  missed.  Locate  these  numbers  m  the 
Guide  and  draw  a  line  under  the  Guide  Number,  topic,  and  reference.  Rcviev/  these  areas  to 
insure  your  mastery  of  the  course. 


Cuidr 

Numbi'f         Guide  Numbt^rs  JOO  through  315 

300  Operational  Responsibilities;  Systems, 
pages  1*2 

301  Inspection:  Daily;  Weekly;  Monthly,  pages 
2-4 


302  Inspection:  Two  Months  (60  Days);  Three 
Months  (90  Da^'s);  Semiannual;  Annual;  In- 
spection Teams;  Evaluation  of  Inspecdon 
Reports,  pages  4-6 


303  System  Quality  Checks,  pages  6-7 

304  Tniubleshooting  and  Repair;  Television 
Test  Equipment,  Types,  Use,  and  Malfunc- 
tions: Television  Test  Equipment;  Color 
Television  Testing,  pages  8-10 


305  Television  Test  Equipment, Types,  Use,  and 
Malfunctions:  Test  Equipment  Malfunctions 
and  Detection;  Alternate  Quality  Testing 
Methods;  Transistor  Checks,  pages  10-13 

306  Troubleshooting  and  Maintenance  Proced- 
ures, pages  13-14 

307  Systematic  Repair,  pages  14-17 


Cuicfe 
Number 

308  Diagnosing  System  Troubles;Transmission 
System  Troubles:  Power  Supply;  Sync  Gen- 
erator; Camera;  Switcher,  pages  18-20 


309  Transmission  System  Troubles:  Distribu- 
tion Amplifiers;  Monitor;  Exciter;  Trans- 
mitting Antenna,  pages  20-22 

310  Receiving  System  Troubles,  pages  22-24 

311  Installation  and  Modification;  C  -E  Program- 
ming: C-E  Requirements;  Planning;  Plan- 
ning Qualitative  and  Quantitative  C-E  Re- 
quirements; Programming;  Programming 
Qualitative  and  Quantitative  C-E  Require- 
ments, pages  25-28 

312  C-E  Programming;  Programming  Televis- 
ion Requirements;  C-E  Program  Manage- 
ment; Implementation;  Implementing  Quali- 
tative and  Quantative  C-E  Requirements; 
C-E  Schemes;  C-E  Implementation  Sched- 
ule; Implementing  Television  Requirements, 
pages  28-30 

313  Installation  Phase,  pages  30-32 

314  Installation  Testing,  Inspection  and  Accep- 
tance, pages  32-35 

315  Modifications,  pages  35-38 


*NOTE:    Pages  494  and  495  are  missing  due  to  deleted  material.    No  pertinent 
information  was  omitted. 
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Match  the  follo-.vin^ji  items  of  test  oquiprr.-::T  wir^  the  ;i|>propn;a^  st;.'en".uit.  :  4-^^]:!.  41^; 


 /. 

 -4. 


Tube  checker. 
Wn;tmeter. 

Voltmcterr.  nnd  mill iammeters. 
Ohinmeter. 
.  e.   Grating  generator. 
/.   Dummy  load. 

Multiburst  generator. 
Video  sweep  generator. 
Oscilloscope. 
.;.   Monoscope  amplifier. 
Jc.   Waveform  monitor. 


-4- 


8. 

9. 
10. 
11. 


U.^ed  for  reiiuUtti'd  p«n».er  suppl',  t"sis. 
Checks  .i'.'flevt  lun  Itnr;iniv, 
Prevents  r-t  iiiterN'rt'nre  during-  rr.MisrTuMt-i 
test  in t;. 

Provides  nioduiitt  ir.j^  su:n;»l  lor  irimsmitter 
testing. 

Provides  aecurnte  voltiitit^  me;isurement s. 
Checks  transmitter  output  power. 
Checks  video  rircuit  lutndwidth. 
Checks  system  pulse  widths. 
F^roduces  video  und  other  timed  pulses. 
Check  for  matched  tubes. 
Alternate  iransistor  test. 


Identify  the  test  equipment  specially  designed  for  color  testint^.  (-4-13) 


What  is  the  best  method  of  troubleshooting  a  color  bar  generator?  14-26) 


Give  the  best  alternate  method  of  testing  the  frequency  response  of  li  televisjon  system  li'  the 
multiburst  generator  should  fail  and  describe  how  irregularities  are  tdentitied.  (  -Hi.  .U) 


Name  the  video  quality  tests  that  can  be  made  using  the  EIA  resolution  trs:  puttt-rn,  (4-  ^(>i 


5u., 


7.  How  do  you  check  a  p-n-p  transistor  with  an  ohmmeter?  (4-46) 


3.  Name  the  steps  associated  with  troubleshooting  and  repairing  television  equipment.  (5-2) 


9.  Describe  the  similarities  of  symptom  analysis  and  trouble  analysis.  (5-4,  6) 
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.  What  conditions  may  tesult  in  recurring  circuit  malfunctions?  (5-8) 


II.   Why  are  intricate  maintenance  procedures  written?  Give  three  examples  of  these  procedures.  (5-9) 


12.  How  are  alignment  and  calibration  procedures  written?  (5-13) 


13.  What  precautions  should  be  taken  during  disassembly  of  television  equipment?  (6-3) 


14.  What  are  the  advantages  of  using  bench  mockups  for  equipment  checkout?  (6-8) 


5 

5Uo 


15    What  are  the  disadvuntyges  of  not.usina  bench  mockups  ior  equipment  checkout?  f6-9f  0- 


16.^  Why  are  quality  checks  desirable?  (6-10) 


17.   Who  is  responsible  for  the  calibration  of  precision  measuring  equipment?  (6-27) 


18.  Who  is  responsible  for  processing  new  items  of  precision  measuring  equipment  through  the  PMEL? 
(6-35) 


CHAPTER  3 

Objectives:  To  describe  the  procedures  used  in  analyzing  system  symptoms  to  determine  the  malfunc- 
tioning units  in  the  system. 

1-   Number  the  following  events  in  their  proper  sequence  as  they  relate  to  systems  maintenance. 
(7-1,  2) 

 a.  Isolate  trouble. 


-6.  Recognize  symptoms. 

-c.  Cross-check  symptoms. 

-d.  Verify  symptoms  by  substitution. 

-e.  Localize  symptom  to  unit  of  system. 

-/.  Analyze  symptoms. 

Verify  unit  at  fault  by  substitution. 

J).  Repair  or  replace  unit  at  fault. 
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Which  ot  the  following  items  Ciin  be  matched  to  the  associated  statement(s)?  (7-4.7) 

^  fyg^,  1.  Can  be  bad  and  there  will  not  be  any  power  to  the  pilot  light. 

Z  S.  A  time-delay  device.    2.  Malfunctioning  will  cause  a  loss  of  current  and  voltage  output. 

3.  Working  improperly;  could  cause  voltages  to  be  applied  too 
quickly. 

4.  Could  possibly  be  a  cause  of  the  pilot  light  not  working. 


 c.  A  control  relay. 


3.  In  a  closed  circuit  cable  system,  a  monitorjndicates  erratic  horizontal  tearing  of  the  image.  List 
the  system  units  which  could  cause  this.  (7-8-10) 


A.  U  vou  have  h.gh-frequency  loss  in  a  camera  prea_mplifier,  what  would  be  the  symptoms  and  what 
would  be  adjusted  to  compensate  for  the  loss?  (7-12) 


5.  What  unit  of  the  system  would  cause  an  instantaneous  video  presentation,  but  would  also  cause 
the  presentation  to  drop  out  just  as  quickly?  (7-15) 


6.  Three  monitors  have  lost  thei'  signal  but  the  other  monitors  all  have  good  signals.  What  is  the 
most  likely  cause  of  the  trouble?  (7-16-22) 


What  would  be  the  symptoms  if  a  monitor  input  becomes  shorted?  (7-24) 
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8.  List  the  various  methods  of  using  an  exciter  unit  as  related  to  the  various  types  of  TV  r-f 
transmissions.  (7-25-30) 


9.  If  you  were  told  that  a  slight  misalignment  of  antennas  had  caused  a  complete  loss  of  signal, 
what  basic  category  of  antennas  would  this  probably  be?  (7-31-33) 


10.  Which  signals  would  be  affected  on  a  TV  receiver  if  the  antenna  cable  is  broken?  (8-2) 


11.  How  would  a  simple  system,  installed  as  part  of  a  complex  system,  be  an  aid  to  trouble  analysis? 
(8-3.  4) 
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MODIFICATIONS 


f  —  y:^       of  this  publication  has  (have)  been  deleted  in 
adapting  this  material  for  inclusion  in  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriat 
for  use  in  vocational  and  technical  education. 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 


CHAPTER  2 

1.  Multiburst  generator;  grating  generator;  monoscope  amplifier;  and  waveform  monitor.  (4-2) 

2.  1,  c;  2,  e;  3,  /;  4,  /;  5,  /;  6,  6;  7,  /?;  8,  k\  9,  g;  10,  a;  and  11.  d.  (4-3-12.  46) 

3.  Color  bar  generator,  dot  generator,  vectorscope,  color  signal  analyzer,  and  linearity  checker. 
(4-13) 

4.  Signal  tracing.  (4-26) 

5.  The  EIA  resolution  test  pattern.  Characteristic  response  frequency  irregularities  appear  in  the 
output  presentation  as  closely  spaced,  horizontally  displaced,  positive  or  negative,  delayed  or 
advanced  repetitions  of  the  original  signal.  These  discrepancies  are  called  ringing.  (4-33,  34) 

6.  Gray-scale  rendition,  shading,  uniformity,  streaking,  interlace,  aspect  ratio,  geometric  distortion, 
horizontal  and  vertical  resolution,  and  characteristic  response  frequency.  (4-36) 

7.  Base  to  emitter  and  base  to  collector  front  to  back  ratio.  (4-46) 

8.  Symptom  recognition,  symptom  analysis,  trouble  localization,  trouble  analysis,  and  trouble 
correction.  (5-2) 

9.  Both  are  evaluations  of  known  factors.  (5-4,  6) 

10.  Faulty  circuit  design  and  unrepaired  component  or  circuit  defects.  (5-8) 

11.  To  remember  all  necessary  steps.  Alignment,  calibration,  and  PMI's.  (5-9) 

12.  In  £;imple,  logical,  straightforward  steps.  (5-13) 

13.  Do  not  perform  more  disassembly  than  necessary,  follow  TO's  and  manufacturer's  handbooks,  do 
not  lose  components  and  other  parts,  and  label  wiring  as  it  is  disconnected.  (6-3) 
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14.  They  are  permanenUv  set  up.  they  are  available  at  all  times,  they  permit  easy  alignment, 
culibrcition,  and  final  checkout  ol  equipment,  (6-8) 

15.  Possible  checkout  delays  and  test  equipment  must  be  set  up  each  time  it  is  used.  (6-9) 

16.  To  insure  that  repair  is  properlv  completed  to  locate  need  for  additional  training,  and  to  prevent 
equipment  and  system  damage.  (6-10) 

iV^  personnel  e-*  /  ed  in  organizational,  field,  and  depot  level  maintenance  of  precision 
ring  equipment.  (6-27) 


18.  The  using  organization.  (6-35) 


1.  a.  7. 

b.  1. 

c.  2. 
c/.  3. 
f.  5. 
/.  4. 

6. 
h.  8. 
(7-1,  2) 

2.  CI.  I. 

6.  3  and  4. 
i  .  2. 
(7-4.7) 


CHAPTER  3 


3.  Monitor  (horizontal  oscillator),  distribution  amplifier,  and  sync  generator.  (7-8-10) 

4.  The  symptom  would  be  white  streaks  in  the  video  presentation,  and  the  adjustment  of  the  high- 
peaker  should  correct  the  problem.  (7-12) 

5.  The  switcher  would  cause  this  symptom  if  its  switch  contacts  are  bad.  There  would  be  a 
momentary  video  presentation  due  to  the  pressure  of  the  operator  pushing  the  button.  (7-15) 

6.  A  video  distribution  amplifier  used  as  a  line  amplifier  for  the  three  monitors.  It  could  be  a  line 
going  to  the  distribution  amplifier,  but  this  is  a  less  likely  problem.  (7-16-22) 

7.  There  would  not  be  a  video  presentation  on  that  particular  monitor  or  other  monitors  connected  to 
the  same  distribution  amplifier.  A  short  on  a  monitor  input  will  cause  a  distribution  amplifier  fuse 
to  blow  due  to  the  excessive  current  at  the  distribution  amplifier  output.  (7-24) 

8.  Cable  video  only,  r-f  carrier;  cable  video  and  audio,  r-f  carrier;  relay  radiated  video  and  audio,  r-f 
carrier;  broadcast  radiated  video,  AM  carrier;  braodcast  radiated  audio,  FM  carrier.  (7-25-30) 

9.  Microwave  relay  antennas,  because  they  are  a  highly  directional  low-power  antenna;  thus  a  slight 
misalignment  can  cause  complete  loss  of  power.  (7-31-33) 

10.  Both  the  video  and  audio  sigpals  as  they  are  separated  internally;  thus  a  broken  cable  will  cause 
a  loss  of  all  signals,  (8-2) 

11.  The  simple  systerg  could  be  used  to  insert  a  test  sigpal,  and  it  can  be  used  to  receive  and  thus 
compare  signals,  Thii  enables  the  checking  of  inputs  to  the  complex  system.  (8-3,  4) 

*NOTE:    Pages  504  and  505  are  missing  due  to  deleted  material.    No  pertinent 
material  was  omitted. 
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VOLUME  REVIEW  EXERCISE 


Carefully  rebd  the  following: 
[>0'S: 

1.  Check  the  '*courbe."  'volume."  and  '*form"  numbers  from  the  answer  sheet  address  tab  against 
the  '*VRE  answer  sheet  idenlificalion  number"  m  the  righthimd  column  of  the  shipping  list.  If 
numbers  do  not  match,  take  action  to  return  the  answer  sheet  and  the  shipping  list  lo  ECI  immed 
ately  with  a  note  of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column  to  column. 

3.  Use  only  medium  sharp  --l  black  lead  pencil  for  marking  answer  >heet. 

4.  Use  a  clean  eraser  for  any  answer  sheet  changes,  keeping  erasures  to  i»  minimum. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  E.xercise  booklet  for  review  and  reference. 

7.  If  vtandatorilv  enrolled  student,  process  questions  or  comments  through  vour  unit  trainer  or  OJT 
supervisor. 

If  vnluntarilv  enrolled  student,  send  questions  or  comments  to  ECI  on  KCI  Form  17, 
DOS'TS: 

1.  Don't  use  answer  sheets  other  than  one  furnished  speciticallv  for  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  e.xcept  to  fill  in  marking  blocks.  Double  marks  or  excessive 
markings  which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  :pindle,  staple,  tape,  or  mutilate  the  answer  sheet, 

4.  Don't  u.<?e  ink  or  anv  marking  other  than  with  a    1  hlac  k  lead  pencil. 

\ote'  The  3-digit  number  in  parenthesis  immediately  following  each  item  number  in  this  Volume 
Review  Exercise  represents  a  Guide  Number  in  the  Study  Reference  Guide  which  in  turn  indicates 
the  area  of  the  text  where  the  answer  to  that  item  can  be  found.  For  proper  use  of  these  Guide 
Numbers  in  assisting  you  with  your  Volume.Review  Exercise,  read  carefully  the  instructions  in 
the  heading  of  the  Study  Reference  Guide. 
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Multiple  Choice 


i\otv:  The  first  three  items  m  this  exercise  are  based  on  instructions  thai  were  included  with  vour 
course  materials.  The  correctness  or  incorrectness  of  your  answers  to  these  items  will  be  reflecicd  m 
your  total  score.  There  are  no  Studv  Reference  Guide  subject-area  numbers  for  these  first  three  items. 

L  The  form  number  of  this  VRE  (or  CE)  must  match 

a.  mv  course  number.  c.  the  form  number  on  the  answer  sheet. 

b.  the  number  of  the  Shipping  List.  d.  my  course  volume  number. 

2.  So  that  the  electronic  scanner  can  properly  score  my  answer  sheet,  I  must  mark  my  answers  with  a 

a.  pen  with  blue  ink.  c.  number  1  black  lead  pencil. 

b.  ball  point  or  liquid-lead  pen.  d.  pen  with  black  ink. 

X  If  I  tape,  staple  or  mutilate  my  answer  sheet;  or  if  I  do  not  cleanly  erase  when  I  make  changes  on 
the  sheet;  or  if  I  write  over  the  numbers  and  symbols  along  the  top  margin  of  the  sheet, 

a.  I  will  receive  a  new  answer  sheet. 

b.  my  answer  sheet  will  be  unscored  or  scored  incorrectly. 

c.  I  will  be  required  to  retake  the  VRE  (or  CE). 

d.  mv  answer  sheet  will  be  hand-graded. 
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Chapter  2 

10.  (306)  What  functions  are  involved  during  the  trouble  correction  phase  of  troubleshooting  and 
repair  of  TV  equipment? 

a.  Disassembly,  replacement,  repair,  and  reassembly. 

b.  Disassembly,  replacement,  repair,  evaluation,  and  reassembly. 

c.  Disassembly,  repair,  reassembly,  and  inspection. 

d.  Disassembly,  replacement,  reassembly,  and  inspection. 

11.  (304)  What  unit  of  TV  test  equipment  is  used  for  contrast,  deflection  linearity,  low-frequency 
phase  shift,  and  resolution  tests? 

a.  The  waveform  monitor.  c.  The  grating  generator. 

b.  The  monoscope  amplifier  (camera).        .  .  d.  The  multiburst  generator. 

12.  (306)  What  steps  (not  necessarily  in  logical  order)  are  ii^volved  in  the  systematic  process  of 
troubleshooting  and  repair  of  TV  equipment? 

a.  Trouble  localization,  trouble  analysis,  disassembly,  correction,  and  reassembly. 

b.  Disassembly,  replacement,  repair,  and  reassembly. 

c.  Symptom  recognition,  correction,  trouble  localization,  symptom  analysis,  and  trouble  analysis. 

d.  Symptom  recognition,  trouble  analysis,  disassembly,  repair,  and  reassembly. 

13.  (304)  Which  of  the  following  units  of  test  equipment  are  used  for  color  testing? 

a.  The  vectorscope,  color  signal  analyzer,  and  linearity  checker. 

b.  The  vectorscope,  color  signal  analyzer,  and  multiburst  generator. 

c.  The  vectorscope,  monoscope  amplifier,  and  color-bar  generator. 

d.  The  vectorscope,  video  sweep  generator,  and  linearity  checker. 

14.  (305)  What  video  quality  tests  can  be  made  using  the  EIA  resolution  test  pattern? 

a.  Streaking,  interlace,  aspect  ratio,  and  color  fidelity. 

b.  Gray-scale  rendition,  aspect  ratio,  streaking,  and  geometric  distortion. 

c.  Interlace,  aspect  ratio,  frequency  response,  and  color  fidelity. 

d.  Aspect  ratio,  shading,  vertical  resolution,  and  horizontal  amplitude. 

15.  (307)  Who.  is  responsible  for  processing  new  items  of  precision-measuring  equipment  through  the 
PMEL? 

a    The  PMEL  c.  The  using  organization. 

0.  Base  supply.  ^he  Calibration  and  Meteorology  Division. 

16    (307)  Why  are  quality  checks  necessary? 

a.  To  prevent  equipment  damage.  c.  To  discover  poor  workmanship. 

b.  To  complete  repairs.  d.  To  increase  training  needs. 
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17. 


(305)  What  is  the  best  method  of  troubleshooting  a  color-bar  generator? 


a.  Voltage  checks.  c.  Resistance  checks. 

b.  Signal  tracing  with  nn  oscilloscope.  d.  Pulse  amplitude  checks  with  an  oscilloscope. 

18.  (307)  Why  are  alternate  checkout  methods  less  desirable  than  bench  mockups? 

a.  Increased  time  outage  of  the  operational  equipment. 

b.  Increased  repair  time. 

c.  Scheduled  programming  is  interrupted. 

d.  Test  equipment  must  be  set  up  when  it  is  used. 

19.  (306)  Why  are  detailed  maintenance  procedures  written? 

a.  To  complete  proper  alignment  and  calibration  of  the  equipment. 

b.  To  complete  the  proper  PMI's. 

c.  To  insure  completion  of  all  necessary  maintenance  tasks. 

d.  To  complete  all  necessary  alignment  procedures. 

20.  (306)  What  conditions  do  recurring  malfunctions  usually  indicate? 

a.  Faulty  circuit  design  and  modification. 

b.  Unrepaired  circuit  components  and  excessive  equipment  failures. 

c.  Unrepaired  circuit  components  and  modifications. 

d.  Faulty  circuit  design  and  unrepaired  circuit  components. 


Chapter  3 

21.  (308)  A  monitor  has  erratic  tearing  of  the  horizontal  image.  Which  of  the  following  groups  is  most 
likely  the  cause? 

a.  Monitor  (horizontal  oscillator),  transmitter,  and  sync  generator. 

b.  Distribution  amplifier,  camera,  and  sync  generator. 

c.  Monitor  (horizontal  oscillator),  distribution  amplifier,  and  sync  generator. 

d.  Monitor  (horizontal  oscillator),  power  supply,  and  sync  generator. 

22.  (309)  What  would  be  the  most  correct  symptoms  if  a  monitor  input  were  to  become  shorted? 

a.  No  video  presentation  and  a  blown  fuse  in  the  distribution  amplifier. 

b.  No  video  presentation  on  one  monitor,  but  all  others  would  be  normal. 

c.  There  would  probably  be  a  weak  video  signal  present  on  the  monitor. 

d.  The  video  signal  would  have  a  vertical  roll  due  to  change  of  impedance. 

23.  (310)  How  would  the  incoming  signal  to  a  color  TV  receiver  be  affected  if  the  antenna  cable 
conductor  is  broken? 

a.  The  video  will  become  weak.  c.  Only  the  color  burst  signal  will  be  lost. 

b.  All  incoming  signals  will  be  lost.  d.  The  audio  will  become  weak. 

24.  (309)  Which  of  the  following  systems  would  normally  use  an  r-f  exciter  unit  to  generate  a  carrier 
signal  to  be  modulated  by  video? 

u.  Single  camera  and  monitor,  used  for  doorway  surveillance. 

b.  Studio  camera  to  tape  machine  for  making  tapes. 

c.  Studio-to-transmitter  relay. 

d5  Switcher  to  tupe  machine  for  making  tapes. 
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MODIFICATIONS 

if^^^    cZSi^  C^li)  ^of  this  publication  has  (have)  been  deleted  in 

adapting  this  material  for  inclusion  in  the  ''Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education,*'    Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  in  vocational  and  technical  education. 
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LIST  OF  CHANGES 


COURSE 
NO. 


30«+55 


CAREER  FIELDS.  POLICIES,  PROCEDURES  AND  EQUIPMENT  CHANGE.   ALSO  ERRORS 
OCCASIONALLY  GET  INTO  PRINT.  THE  FOLLOWING  ITEMS  UPDATE  AND  CORRECT 
YOUR  COURSE  MATffllALS.  PLEASE  MAKE  THE  INDICATED  CHANGES. 


EFFECTIVE  DATE 
OF  SHIPPING  UST 

7  Apr  76  

% 

7.  CHANGES  FOR  THE  VOLUME  WORKBOOK:    VOLUME  lA 

e.  Page  35,  Special  Situation  instructions  preceding  question  6i*,  line  1: 
Change  "test"  to  "text."    Line  2:    Change  "as  follow^"  to  "initially  for  each 
question." 

f.  Page  36,  Special  Situation  instructions,  question  68:    Change  "iip  as 
follows" '-feo  "initially  for  each  question." 

g.  The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
32  and  36. 

8.  CHANGES  FOR  THE  VOLUME  WORKBOOK:    VOLUME  2 

a.  Page  30,  Chapter  Review  Exercise,  answer  11:    Change  "radiated"  to 
"received." 

b.  The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
2'+,  27  and  67. 

9.  CHANGE  FOR  THE  VOLUME  WORKBOOK:    VOLUME  3 

The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
22,  W  and  «+5. 

NOTE:    Change  the  ciorrency  date  on  all  volumes  to  "15  December  197i*." 
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LIST  OF  CHANGES 


COURSE 
NO- 

CAREER  PIELDS,  POLICIES,  PROCEDURES  AND  EQUIPMENT  CHANGE.  ALSO  ERRORS 

OCCASIONALLY  GET  INTO  PRINT.   THE  FOLLOWING  ITEMS  UPDATE  AND  CORRECT 

30  W  5 

YOUR  COURSE  MATBIALS.  PLEASE  MAKE  THE  INDICATED  CHANGES. 

EFFECTIVE  DATE 
OF  SHIPPING  U  ST 

7  Aor  76 

1.    CHANGES  FOR  THE  TEXT:    VOLUME  1 


a.  Preface,  page  iii,  line  2:    Change  sentence  to  read       •  •  achievement  of  * 
5-level  proficiency."    Lines  ^  and  5:    Delete  sentence  which  reads  "If  you  are 
training  to  •  •  •  in  addition  to  this  course."    Lines  7  and  8:    Change  sentence 

to  read  "Such  items  are  contained  in  CDC  30000  for  5-skill  level  training." 

b.  Page  6,  Fig  1:    At  the  5  skill  level,  change  "1098"  to  "2095."    At  the 
7  skill  level,  change  "1098"  to  "2096." 

c.  Page  51,  col  1,  line  3:    Change  "you  will"  to  "possibly." 

d.  Page  90,  Fig  83:  Change  secondary  of  input  transformer  to  center  tapped. 
Label  upper  transistor  Ql  and  lower  transistor  Q2.  Add  tie  point  at  the  junction 
of  the  emitters  of  both  transistors  and  ground. 

2.  CHANGES  FOR  THE  CHANGE  SUPPLEMENT:    VOLUME  1  (30455  01. SOI  0569) 

a.  Page  1,  col  1,  lines  8  and  9:    Change  '^Tech  Tng  Ctr  (TSOC),  Keesler  AFB, 
MS    3953**"  to  "USAF  School  of  Applied  Aerospace  Sciences  (TTOX),  Lowry  AFB,  CO 
80230." 

b.  Page  1,  under  "Workbook"  changes:    Beginning  with  page  18,  changes  should 
be  reflected]  under  Changes  for  the  Text.  *  . 

c.  Page  1,  Changes  for  the  Workbook,  line  5:    Delete  "Change  CDA  to  DCA." 

3.  CHANGE  FOR  THE  TEXT:    VOLUME  lA 

Page  iii,  lines  24  and  25:    Change  "Tech  Tng  Ctr  (TSOC),  Keesler  AFB,  MS 
3953U"  to  "USAF  School  of  Applied  Aerospace  Sciences  (TTOX),  Lowry  AFB,  CO  80230." 

U.     CHANGE  FOR  THE  TEXT:    VOLUME  2 

Page  iii,  lines  20  and  21:    Change  "Tech  Tng  Ctr  (TSOC),  Keesler  AFB,  MS 
39534"  to  "USAF  School  of  Applied  Aerospace  Sciences  (TTOX),  Lowry  AFB,  CO  80230." 

5.  CHANGE  FOR  THE  TEXT:    VOLUME  3 

Page  iii,  lines  15  and  16:    Change  "Tech  Tng  Ctr  (TSOC),  Keesler  AFB,  MS 
39534"  to  "USAF  School  of  Applied  Aerospace  Sciences  (TTOX),  Lowry  AFB,  CO  80230." 

6.  CHANGES  FOR  THE  VOLUME  WORKBOOK:    VOLUME  1 

a.    Paffee  7,  Chapter  Review  Exercise,  question  10,  line  3:    Change  "(7;  Fig.  31)" 
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LIST  OF  CHANGES 

COURSE 
NO. 

30455 

'  CAREER  FIEI.DS.  POLiClES.  PROCEDURES  AND  EQUIPMENT  CHANGE.   ALSO  ERRORS 
OCCASIONALLY  GET  INTO  PRINT.    THE  FOLLOWING  ITEMS  UPDATE  AND  CORRECT 
YOUR  COURSE  MATERIALS.   PLEASE  MAKE  THE  INDICATED  CHANGES. 

EFFECTIVE  DATE 
OF  SHIPPING  UST 

7  Apr  75 

6.    CHANGES  FOR  THE  VOLUME  WORKBOOK:    VOLUtffi  i  (Continued) 

to  "(7-9;  Fig.  31)."    Question  11,  lines  2  and  3:    Change  "„L6-17-Kc"  to  "16.7Kc.': 

b.  Page  8,  Chapter  Review  Exercise,  question  13,  line  1:    Change  "31"  to  "30." 

c.  Page  11,  Chapter  Review  Exercise,  question  21,  lir.es  3  and  ^:    After  "no" 
add  "horizontal." 

d.  Page  1^,  Chapter  Review  Exercise,  question  22,  col  B:    Change  "grid"  to 
"heater"  in  choice  b^. 

e      Page  18,  Chapter  Review  Exercise,  question  16:    Change  "How  can  the  color 
camera  10  be  adjusted?"  to  read  "What  provision  is  made  to  equalize  the  gain  of 
the  10  tubes  in  a  color  camera?" 

f.  Page  22,  Chapter  Review  Exercise,  col  2,  answer  10:  Change  "(7;  Fig  31.)" 
to  "(7-9;  Fig  31.)"  " 

g.  Page  2»i,  Chapter  Review  Exercise,  answer  12,  line  3:    Change^^"(at  TP3)" 
to  "(at  TP5)."    Answer  17,  line  2:    Change  "oscillator"  to  "monitor." 

h.  Page  3»l,  question  69:    Change  "(121)"  to  read  "(122)." 

i.  The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
9,  41  and  63. 

7.     CHANGES  FOR  THE  VOLUME  WORKBOOK:     VOLUME  lA 

a      Page  7,  Chapter  Review  Exercise,  question  25:    Change  "(10-10)"  to 
"(10-15)."    Question  26:     Change  "(10-15)"  to  "(10-13)." 

b.  Page  20,  Chapter  Review  Exercise,  answer  26:    Change  "control"  to 
"management."    Answer  29:    Change  "310E"  to  "210E." 

c.  Page  21,  Chapter  Review  Exercise,  answer  40:    Change  "213"  to  "187." 
Answer  43:    Change  "extra  copy"  to  "a  shop." 

d      Pae»  24,  Chapter  Review  Exercise,  answer  23:    Change  "       10  "  to 

.,  '  4.73  X  105 


4.73  X  10^      .Answer  29:    Change  "TO  33K-1-01,  Calibration  Procedures  and 
Responsibilities"    o  "TO  33K- 1-100,  Responsibilities  and  Caliiration  Measurement 
Areas." 
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